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This  LeCture  was  founded  by  Dr.  Croone,  who  was  one  of  the 
original  Fellows  of  this  Society,  having  been  previoufly  a member  of 
thofe  private  meetings  which  laid  the  foundation  of  this  inftitution. 
He  was  not  only  a phyfician  of  learning  and  eminence,  but  his  cha- 
racter for  tafte,  as  well  as  for  mathematical  and  natural  knowledge, 
was  fo  diflinguifhed,  that  he  was  eleCted  Profeffor  of  Rhetoric  in 
Grefham  College*,  and  was  appointed  a member  of  the  firft  council 
of  the  Royal  Society.  What  prompted  him  to  perpetuate  and  keep 
alive  an  attention  to  this  fubjeCt  was,  no  doubt,  an  opinion  of  its 
importance  and  difficulty.  There  are  certain  branches  of  know- 

* See  Ward’s  Lives  of  the  Grefham  Profeflors. 
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ledge  which,  being  confidered  as  belonging  to  particular  profeffions, 
appear  lefs  interefling  to  men  who  entertain  a tafte  for  general 
fcience  ; and  this  has  in  fome  meafure  been  the  cafe  with  inquiries 
relating  to  the  animal  oeconomy.  But  when  we  confider  the  rank 
which  animated  beings  hold  in  the  fcale  of  Nature,  and  that  Muf- 
cular  Motion  involves  fome  of  the  molt  important  circumftances 
relating  to  them,  it  cannot  be  denied  that  this  is  a fubjedt  highly 
interefling,  as  a branch  of  natural  knowledge  in  general,  indepen- 
dent of  its  utility  as  fubfervient  to  medicine.  For  though  fenlitive 
beings  bear  no  affignable  proportion  to  the  great  volume  of  the  ma- 
terial world,  yet  as  man  belongs  to  this  clafs  of  exigence,  and  as 
all  other  exigence  would  feem  to  be  created  in  vain,  unlefs  there 
were  beings  capable  of  perception  and  enjoyment,  the  inveftigation 
of  animal  nature  appears  to  be  of  the  utmoft  importance,  not  only 
as  the  grounds  of  a ufeful  art,  but  as  an  objedt  of  philofophical 
curioiity. 


Extenfive  in- 
fluenceof  muf- 
cular  power  in 
the  animal 
oeconomy. 


Mufcular  motion  is  juftly  deemed  an  important  and  a charadleriftic 
attribute  of  animated  beings,  not  only  as  conferring  that  loco-mo- 
tive faculty  peculiar  to  animals,  and  that  power  by  which  they  are 
enabled  to  exercife  a command  over  external  objedts,  but  alfo  as  it 
conflitutes  that  energy  by  which  the  motion  of  the  fluids  and  all 
the  internal  fundtions  of  the  body  are  carried  on.  For  we  are  to 
confider  as  mufcles  not  only  thofe  large  mafles  of  flefh  which  com- 
pofe  fo  great  a proportion  of  the  whole  bulk  of  the  body,  but  like- 
wife  all  the  minuter  organs  fubfervient  to  circulation,  nutrition, 
and  fecretion  ; fince  not  only  the  heart  itfelf,  but  the  whole  vafcu- 
lar  fyftem  and  the  inteftines,  owe  their  adtion  to  certain  powers  of 
irritability  and  contradlility  peculiar  to  mufcular  fibres. 


In 
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In  invedigating  this  fubjefl,  it  feems  mod  natural  to  begin  by 
comparing  the  mufcles,  and  the  motion  belonging  to  them,  to  other 
modifications  of  matter  and  motion  that  occur  in  nature. 

A mufcle,  even  in  fo  far  as  its  drufture  is  an  objedt  of  our  fenfes 
in  its  dead  flate,  has  characters  which  didinguifh  it  from  every 
other  fubdance  in  nature.  The  moft  ftriking  of  thefe,  is  its  re- 
gular  organization  of  parallel  fibres.  The  fibrous  druflure  is,  in- 
deed, found  in  other  parts  of  the  body,  fuch  as  the  tendons  and 
ligaments,  and  alfo  in  vegetables,  fome  of  which  are  even  poflefled 
of  vifible  irritability  ; and  a fimilar  conformation  is  manifeft  in  fome 
minerals,  fuch  as  the  afbejlos  ; but  there  is  a certain  degree  of  tena- 
city, eladicity,  and  moifture,  which,  joined  to  its  fibrous  organi- 
zation, diftinguifh  it  from  every  other  form  of  matter.  With  re- 
gard to  the  minute  drudlure  of  mufcles,  though  fome  have  fancied 
they  have  feen,  by  the  help  of  glaffes,  the  ultimate  fibres,  and 
thefe  confiding  either  of  hollow  tubes,  or  firings  of  veficles,  or  rhom- 
boidal  articulations,  according  to  the  refpeflive  theory  with  which 
the  mind  of  the  obferver  was  prepoflefled,  it  appears,  from  the  bell 
microfcopical  obfervations,  that  the  fibres  are  divisible  beyond  what 
the  powers  of  the  bed  abided  fight  can  trace,  and  that  they  are  to 
all  appearance  uniform. 

This  regular  fibrous  druClure  of  mufcles,  may  be  compared  to 
the  crydallifation  of  falts,  and  other  regular  forms  which  inanimate 
bodies  afl'ume,  when  pading  to  a folid  form  from  a date  of  dilution 
or  fufion.  Every  fpecies  of  matter  has  a mode  of  aggregation  pe- 
culiar to  itfelf,  when  its  particles  are  at  liberty  to  attraCl  each  other 
according  to  that  tendency  which  has  been  called  their  polarity. 
Thofe  who  fil'd  conceived  this  idea,  feemed  to  have  proceeded  on 
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the  fuppofition  of  the  ultimate  particles  of  matter  being  folid  bo- 
dies, infinitely  hard,  having  their  different  fides  endowed  with 
different  powers  of  attraction  and  repulfion,  fo  as  to  give  various 
configurations  to  the  parts  of  matter,  when  concreting  into  a folid 
form.  There  is  another  and  later  idea*  of  polarity,  founded  on  the 
hypothefis  of  the  ultimate  particles  of  matter  being  combinations 
of  attracting  and  repelling  points,  which  when  brought  much  within 
the  natural  limits  of  thefe  powers,  produce  unequal  degrees  of  at- 
traction and  repulfion  at  equal  distances  from  their  common  centre, 
thereby  defining  what  may  be  called  the  fhape  of  the  particles,  and 
conftituting  polarity.  In  whatever  manner  we  conceive  this  to  take 
place,  fome  fuch  circumftance  feems  univerfal,  and  perhaps  necef- 
fary  to  all  the  varieties  of  folid  matter  ; and  there  is  in  fome  in- 
ftances  a difference  in  the  appearance  and  other  properties  of  the 
fame  fubftance,  after  pafiing  from  a fluid  to  a folid  form,  according 
as  its  particles  have  been  at  liberty  to  follow  more  or  lefs  freely  the 
tendency  of  their  polarity  in  the  a&  of  concretion.  This  may  be 
illuftrated  by  the  freezing  of  water,  and  the  cryftallifation  of  falts, 
which  are  more  or  lefs  regular  or  confufed,  according  to  the  cir- 
cumftances  in  which  they  have  taken  place.  The  fame  may  be 
exemplified  in  metals  and  other  fubflances ; for  it  is  well  known, 
that  the  properties  of  iron  and  glafs,  in  point  of  cohefion  and  elafti- 
city,  are  very  much  affeCled  by  the  quicknefs  or  flownefs  with 
which  they  pafs  from  a ftate  of  fufion  to  a ftate  of  folidity.  It  is 
probably  in  fome  circumftance  of  this  kind  that  mufcles  differ  from 
other  foft  animal  matter.  We  cannot  trace  by  infpedtion  the  man- 
ner in  which  the  fluid  nutritious  matter  is  applied  in  forming  folid 
parts  ; but  as  mufcles  are  compofed  of  parts  fo  regularly  figured 

* See  Dr.  Illagden’s  Experiments  on  the  cooling  of  Water  below  its  freezing  point. 
PhiJ.Tranf.  Vol.  LXXVIII.  page  143. 


and 


LECTURE  ON  MUSCULAR  MOTION. 


5 


and  endowed  with  contradfility,  it  feems  probable  that  there  is 
fome  provifionfmade  by  Nature,  whereby  the  particles  follow  the 
exadt  impulfe  of  their  polarity,  and  conftitute  a more  exquifite 
ftrudture  than  in  other  parts  of  the  body. 

So  far  with  regard  to  the  character  of  a Mufcle,  confidered  in  its 
dead  ftate. 

The  firft  circumftance  that  meets  the  attention  in  confidering  its 
living  ftate,  is  that  contradtile  power  or  motion,  which  is  properly 
the  fubjedt  of  this  Ledture ; and  in  order  to  inveftigate  its  nature, 
it  will  be  neceflary  to  compare  it  with  that  which  takes  place  in 
inanimate  bodies,  by  confidering  the  nature  of  motion  in  general. 

So  far  as  we  know,  either  from  adtual  obfervation,  or  from  ana- 
logy, there  does  not  exift  in  nature  any  fuch  thing  as  abfolute  rejt: 
for  when  we  contemplate  the  motions  of  the  earth  and  heavenly 
bodies,  the  various  complications  of  the  planetary  revolutions  in 
their  rotation  round  their  own  axes,  and  in  the  paths  of  their  orbits, 
in  the  irregularities  arifing  from  the  difturbances  of  their  mutual 
gravitation,  and  from  the  preceflion  of  the  equinoxes,  not  to  mention 
the  influence  of  the  innumerable  fiderial  fyftems  upon  each  other 
it  may  be  affirmed,  on  inconteftible  principles,  that  no  particle  of  mat- 
ter ever  was,  or  will  be,  for  two  inftants  of  time,  in  the  fame  place, 
and  that  no  particle  of  it  ever  has  returned,  or  will  return,  to  any  one 
point  of  abfolute  fpace  which  it  has  ever  formerly  occupied.  Whe- 
ther motion,  therefore,  can  ftriftly  be  called  an  ejfential  property  of 
matter  or  not,  it  is,  certainly,  by  the  adtual  conftitution  of  nature, 
originally  and  indefeafibly  imprefled  upon  it  ; and  as  reft  does  not 

* See  Dr.  Herfchel’s  paper  on  the  conftrudtion  of  the  Heavens.  Phil.  Tranf. 
Vol.  LXXV.  page  231. 
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Farther  proof 
of  the  aftive 
nature  of  mat- 
ter. 


Mechanical 
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tion. 


exift  in  nature,  but  may  be  confidered,  in  a vulgar  fenfe,  as  a fal- 
lacy of  the  fenfes,  and  in  a philofophical  fenfe,  as  an  abftraClion  of 
the  mind,  it  follows,  that  what  is  called  the  vis  inertia  of  matter, 
is  not  a refinance  to  a change  from  reft  to  motion,  or  from  motion 
to  reft,  but  a refiftance  to  acceleration  or  retardation,  or  to  change 
of  direction.  If  it  fhould  be  alledged,  that  any  given  particle  or 
portion  of  matter  is  carried  along  by  virtue  of  the  motion  of  the 
planet  to  which  it  belongs,  it  may  be  anfwered,  that  the  earth  or 
any  other  planet  is  nothing  more  than  a congeries  of  luch  particles, 
each  of  which  muft  poflefs  a lhare  of  the  fame  energy  which  ani- 
mates the  whole  mafs. 

The  aClive  nature  of  matter  is  farther  proved  by  thofe  attractions 
and  repulfions  which  univerfally  take  place  among  its  parts,  how- 
ever near  or  remote  ; and  every  inftance  of  motion  within  the  cog- 
nifance  of  our  fenfes,  in  the  bodies  around  us,  is  referrible,  either  in 
itfelf  or  its  caufe,  to  fome  mode  of  attraction  or  repulfion.  Me- 
chanical impulfe  being  the  moft  familiar  caufe  of  motion  in  the 
ordinary  events  of  life,  is  apt  to  be  confidered  as  the  moft  fimple 
and  original  caufe  of  it ; but  it  is  obvious,  upon  reflection,  that  it 
cannot  originate  in  itfelf,  and  that  all  collifions  are  produced  either 
by  the  efficiency  of  living  animals,  that  is,  by  mufcular  aCtion,  or 
by  means  of  fome  operation  of  nature,  depending  on  attraction  or 
repulfion.  Of  the  firft  kind,  all  the  mechanical  operations  of  art 
are  examples  ; and  with  regard  to  the  others,  they  may,  if  care- 
fully inveftigated,  be  referred  in  every  inftance,  either  immediately 
or  remotely,  to  the  above-mentioned  inherent  energies  of  matter. 
The  natural  agitation  of  air  or  water,  for  inftance,  may  produce  mo- 
tion by  impulfe,  or  may  bring  two  lolid  bodies  to  impinge  upon 
each  other ; but  it  is  evident  that  thefe  motions  in  the  atmofphere 
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or  the  ocean,  could  not  take  place  without  gravitation,  which  is 
one  of  the  attra&ive  powers  of  matter. 

Attra&ion  and  repullion  may  be  conlidered  as  one  principle,  in-  Hypothecs  of 

ti  rr  r i • n . . attraftion  and 

afmuch  as  they  are  both  expreliive  of  that  active  itate  originally  repuifion  COn- 

. ftitutingtheef- 

, having  affinity  fence  of  mat- 

ter. 

with  each  other,  either  attract  or  repel,  according  to  their  distance, 
their  common  temperature,  and  other  circumstances  ; and  it  is  fo 
univerfal  an  agent  in  nature,  that  l'ome  modern  philofophers  have 
made  it  abforb,  as  it  were,  every  other  power  and  property  of  mat- 
ter. The  late  Father  Bofcovich*,  of  Milan,  about  forty  years  ago, 
advanced  a very  bold  doftrine  to  this  effect,  alledging,  with  great 
Strength  of  argument,  illustrated  by  geometrical  reafoning,  that 
there  does  not  exiSt  in  nature  any  fuch  thing  as  impenetrable  ex- 
tended particles  ; and  he  deduces  all  the  phenomena  of  the  mate- 
rial world  from  one  principle,  which  fuppofes  it  constituted  of 
points  having  feveral  fpheres  of  attraction  and  repuifion,  which  be- 
ing variously  arranged  and  combined,  produce  the  different  forms  and 
properties  of  matter,  and  its  feveral  powers,  fuch  as  chemical  at- 
traction, coheSion,  and  gravitation.  Whether  this  hypothefis  is 
founded  in  truth  or  not,  it  would  appear  from  the  reafonings  made 
ufe  of,  that  all  the  relative  properties  of  matter  may  be  accounted 
for,  though  we  abftract  from  every  other  consideration  but  attrac- 
tion and  repuifion. 

It  is  evident,  therefore,  that  whatever  may  be  the  caufe  of  muf-  Mufcuiarmo- 

ti°n  cannot  de- 

cular  motion,  it  is  not  referrible  to  mechanifm,  which  is  itfelf  only  pend  on  any 

mechanical 

caufe  ; 

* See  this  do&rine  fully  explained,  in  a work  entitled,  Theoria  nova  Philo  fo  phi  es 
naturalis  redadla  ad  unicam  legem,  idc.  Audi  ore  Roger  io  Bojcovich,  Vcnetiis , 1763. 
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But  an  origi- 
nal law  of 
ture. 


a fecondary  principle.  Some  theories  have  had  recourfe  to  the  con* 
veyance  of  a fluid  into  the  fibres  of  mufcles,  by  which  they  were 
1 welled,  and  thereby  fhortened.  One  of  the  moft  plauflble  of 
thefe  hypothefes  fuppofes  this  fluid  to  be  the  blood ; but  this  is 
plainly  a petitio  principii ; for,  in  order  to  give  motion  to  the  blood, 
the  very  power  in  queftion  is  neceflary.  Other  fluids  have  been 
fuppofed  to  have  this  effeCt,  but  even  the  exiftence  of  thefe  has  not 
been  proved.  I will  not  detain  this  learned  audience  with  a recital 
of  the  numerous  theories  of  this  kind  that  have  been  invented  by 
fanciful  and  ingenious  men,  only  one  of  which  can  be  true,  and 
the  mod  folid  objections  could  be  urged  againfl:  them  all.  Other 
arguments,  derived  from  the  nature  of  irritability  and  fenfibility, 
could,  if  neceflary,  be  brought  to  prove  that  Mufcular  Motion  can- 
not depend  on  any  mechanical  caufe  : but  this  part  of  the  fubjeCt  was 
fully  treated  of  by  the  ingenious  Gentleman  who  delivered  the 
Croonian  LeCture  lafl:  year. 

As  it  has  been  proved  that  all  matter  is  in  a ftate  of  perpetual 
motion,  originally  imprefled  upon  it  by  Nature,  alfo  that  attraction 
and  repulfion  are  efl'ential  to  it,  and  the  ultimate  caufes  of  all  new 
motions  that  can  arife  in  the  univerfe,  mechanical  aCtion  being 
only  a fecondary  caufe,  it  feems  mod  agreeable  to  the  analogy  of 
nature,  to  refer  Mufcular  Motion  to  an  original  law  of  animated 
matter,  whereby  its  particles  are  endowed  with  an  attractive  power 
for  which  no  caufe  can  be  afligned,  any  more  than  for  gravitation, 
cohefion,  or  chemical  affinity.  If  I underfland  it  right,  this  was 
the  doCtrine  laid  down  and  illuftrated  lafl:  year  by  DoCtor  Fordyce, 
and  to  which  I am  endeavouring  to  contribute  fome  additional  proofs 
and  illuftrations,  from  a conviction  that  it  is  the  only  rational  and 
philofophical  light  in  which  this  fubjeCt  has  hitherto  been  viewed. 

If 
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If  the  fhortening  of  a mufcular  fibre  depends  on  this  increafed 
power  of  attraction  between  its  particles,  the  effedl  of  it  will  be  to 
add  to  the  power  of  cohefion  in  the  fibre,  and  if  this  fhall  be  found 
in  fail  to  be  the  cafe,  it  will  be  a farther  proof  of  the  doilrine  jufl 
now  advanced.  In  order  to  decide  this,  I made  the  following  ex- 
periment upon  the  flexor  mufcle  of  the  thumb  of  a man,  five  hours 
after  death,  while  the  parts  were  yet  warm  and  flexible.  All  the 
parts  of  the  joint  having  been  feparated,  except  the  tendon,  a weight 
was  hung  to  it,  fo  as  to  ail  in  the  natural  direction,  and  was  in- 
creafed gradually  till  the  mufcle  broke,  which  happened  when 
twenty-fix  pounds  had  been  appended.  I found  that  a man  of  the 
fame  age,  and  the  fame  apparent  fize  and  ftrength,  with  the  fub- 
jeil  of  the  preceding  experiment,  could  with  eafe  lift  thirty-eight 
pounds  by  the  voluntary  exertion  of  the  fame  mufcle.  It  is  far- 
ther in  proof  of  this  fa£l,  that  in  the  cafe  of  a violent  ftrain  from 
mufcular  contraction  in  the  living  body,  it  is  the  tendon  that  gives 
way,  whereas  we  have  feen,  in  the  experiment  juft  now  related, 
that  in  the  dead  body,  the  mufcle  is  the  weaker  of  the  two.  It  is 
alio  well  known,  that  in  cafes  of  over-exertion,  the  mufcular 
fibres  themfelves  do  not  give  way,  though  the  ftrongeft  tendons, 
fuch  as  the  icndo  Achillis , and  even  bones,  fuch  as  the  knee-pan, 
are  broke  by  their  living  force*,  which,  in  fuch  inftances,  mull  be 
many  times  greater  than  the  ftrength  of  the  dead  fibres. 

* There  is  a cafe  related  in  the  Philofophlcal  Tranfa&ions,  by  Mr.  Amyand, 
wherein  the  os  humeri  was  broken  by  an  exertion  of  the  mufcles.  See  Phil.  Tranf. 
Vol.  XLIII.  page  252.  Every  one  has  obferved  or  heard  of  fra&ures  happening 
from  very  flight  accidents.  Thefe  occur  moft  probably  from  a jerk  of  the  mufcles 
concurring  with  the  external  violence. 
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Proof  from 
the  increafed 
hardnefs. 


Whether  muf- 
cular  contrac- 
tion produces 
a change  of 
denfity. 


The  fenfible  increafe  of  hardnefs  in  a mufcle,  when  in  a flate  of 
contraction,  may  alfo  be  confidered  as  a proof  of  an  increafed  attrac- 
tion of  its  particles  to  each  other  at  that  time. 

In  inveftigating  this  fubjeCt  farther,  it  is  of  importance  to  de- 
termine, whether  or  not  a mufcle,  when  in  a ftate  of  contraction., 
undergoes  any  change  of  denfity.  A comparifon  of  it  in  this  re- 
fpeCt  with  dead  matter,  may  throw  fome  light  on  the  nature  of 
mufcular  aCtion. 

Every  homogeneous  body  poflefles  a certain  degree  of  denfity, 
determined  by  the  diftance  of  its  integrant  particles.  The  moft 
common  means  in  nature,  by  which  the  denfity  of  fuch  bodies  is 
altered,  are  heat  and  cold  ; the  one  univerfally  producing  expan- 
fion,  the  other  condenfation.  Whether  mechanical  force  has  the 
lame  effeCts  is  a point  in  natural  philofophy  not  fo  well  afcertained  ; 
for  though  tenfion  and  collifion  produce  in  folid  elaftic  bodies  a 
change  of  figure,  which  they  immediately  refume  when  the  force 
is  withdrawn,  it  has  not  been  enquired,  fo  far  as  I know,  whether 
in  fuch  cafes,  a change  of  denfity  takes  place  while  the  body  is  in 
the  ftate  of  elongation  or  compreffion.  Two  elaftic  balls,  in  the  a Cl  of 
collifion,  undergo  a momentary  change  of  figure,  fo  that  there  muff 
be  an  approximation  of  particles  in  the  direction  in  which  they  are 
flattened  ; and  in  the  elongation  of  an  elaflic  chord  by  tenfion,  there 
muff  be  an  increafed  diftance  of  the  particles  in  one  direction,  but 
while  thefe  changes  take  place  in  one  dimenfion  of  the  refpeCtive 
bodies,  they  may  be  compenfated  by  contrary  changes  in  the  other 
dimenfions ; fo  that  the  feveral  bodies  may  p refer ve,  upon  the 
whole,  the  fame  folid  contents.  In  order  to  afcertain  this  in  the 

cafe 
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cafe  of  tenfion,  which  is  the  only  cafe  bearing  analogy  to  Mufcular 
Motion,  I made  the  following  experiment  : I took  a piece  of  the 
elaflic  gum,  or  kahoutchouck , three  inches  fquare,  and  about  the 
eighth  of  an  inch  in  thicknefs  ; I procured  a piece  of  fheet-tin, 
three  inches  broad,  and  fix  inches  long,  cut  into  fharp  teeth  at  each 
end.  The  gum  was  firft  weighed  in  air,  and  found  to  be  380.25 
grains.  It  was  then  weighed  in  water,  along  with  the  tin,  to 
which  it  was  loofely  attached,  and  the  weight  of  both  was  then 
758,75  grains.  The  gum  was  then  flretched  upon  the  tin,  by 
means  of  the  teeth  at  each  end,  to  a furface  of  about  five  inches 
fquare,  the  tin  being  bent  fo  as  to  leave  a free  fpace  between  it  and 
the  gum,  in  order  that  when  immerfed  in  the  water,  no  air  bub- 
bles might  be  entangled.  In  this  fituation,  the  weight  of  both  in 
water  was  found  to  be  746,75  grains.  Here  was  a difference  of  twelve 
grains,  which  could  be  owing  only  to  a diminution  of  fpecific  gravi- 
ty ; and  in  order  to  be  fure  that  there  was  no  fallacy  nor  inaccuracy 
in  the  experiment,  the  gum  was  immediately  afterwards  difengaged 
from  one  end  of  the  tin,  fo  as  to  allow  it  to  fhrink,  and  being  again 
weighed  in  this  (fate  in  the  water,  it  was  found  to  have  recovered 
exa&ly  its  former  weight.  This,  as  well  as  the  fubfequent  ftatical 
experiments,  was  performed  by  means  of  the  exquifite  balance 
lately  invented  and  conftrudted  by  Mr.  Ramfden,  and  belonging  to 
Sir  Jofeph  Banks,  who  politely  allowed  me  the  ufe  of  it.  I was 
alfo  afiifted  by  Mr.  Gilpin,  clerk  of  this  fociecy,  who  is  extremely 
accurate  and  expert  in  all  operations  of  this  kind. 

Now,  does  the  Rate  of  relaxation  and  contraction  make  in  like 
manner  a temporary  difference  in  the  denfity  of  mufcles  ? When  the 
circumftance  of  decurtation  only  is  confidered,  we  fhould  be  tempted 
to  think  that  there  mult  be  an  approximation  of  the  particles  of  the 
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fibre  ; but  there  is  at  the  fame  time  a lateral  fwelling  of  the  mufcle, 
which  may  compenfate  for  what  is  loft  in  the  other  dimenfion. 
This  point  cannot  be  decided  but  by  an  experimental  examination. 
It  might  be  determined  whether  a mufcle  occupies  moft  fpace  when 
relaxed  or  when  contraCled,  by  finding  its  fpecific  gravity  in  each 
of  thefe  ftates  by  means  of  the  hydroftatical  balance.  But  this 
would  be  found  extremely  difficult  ; for  the  ftate  of  contraction  is 
very  tranfitory,  and  the  motion  itfelf  would  produce  fuch  a distur- 
bance, as  would  render  the  refult  un Satisfactory.  As  there  is  this 
obstacle  to  the  experiment  on  a living  mufcle,  it  occurred  to  me 
that  it  might  be  performed  on  the  mufcles  of  a fiSh,  which  had 
undergone  the  operation  of  crimping , as  it  is  called  ; for,  in  confe- 
quence  of  dividing  the  mufcles,  by  cutting  them  when  alive,  they 
undergo  a contraction,  which  continues  after  death  * ; and  upon 
comparing,  by  the  hydroftatic  balance,  portions  of  mufcle  which 
had  been  crimpt,  with  thofe  of  the  oppofite  fide  of  the  fame  fifh, 
which  had  on  purpofe  been  faved  from  this  operation,  it  did  not 
appear  that  there  was  any  difference  in  the  fpecific  gravity.  Two 

* It  has  been  made  a queftion,  whether  life  and  its  aCtions  may  not  afFeCt  the  ab- 
folute  gravity  of  bodies  ? Though  this  doubt  has  not  arifen  upon  any  affignable  grounds 
that  I know  of,  unlefs  it  be  that  one  unknown  principle  may  affe£t  another  equally 
unknown,  I thought  it  might  be  worth  while  to  determine  it  by  experiment.  The 
firft  trials  were  with  animals  of  warm  blood  inclofed  in  oillkin,  and  clofe  tin  veffels, 
but  not  being  fatisfied  with  the  accuracy  of  thefe,  from  the  difficulty  of  cutting  off 
all  communication  with  the  external  air,  fo  as  to  prevent  moifture  from  exhaling,  I 
inclofed  live  eels  in  flafks,  and  fealed  them  hermetically;  and,  in  this  fituation, 
their  weight  when  alive  being  compared  with  their  weight  when  dead,  there  did  not 
appear  any  reafon  to  fuipeCt  that  the  mere  circumftance  of  life  made  any  difference 
in  regard  to  gravity. 
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trials  were  made,  one  with  the  mafleter  mufcles  of  a Ikate,  the 
other  with  the  fides  of  a large  trout. 

The  following  experiment  was  alfo  made,  in  order  to  decide  the 
comparative  denfity  of  a contracted  and  relaxed  mufcle.  I took  a 
glafs  flafk,  into  which  one  half  of  a living  eel  was  introduced. 
The  mouth  was  immediately  afterwards  fufed  by  a blow-pipe,  and 
drawn  into  a tube  like  the  Item  of  a thermometer.  The  flafk  and 
tube  were  then  filled  with  water,  in  order  to  fee  whether  the  mo- 
tion of  the  animal  would  make  the  fluid  rife  or  fall.  It  had  neither 
the  one  effeCt  nor  the  other,  though  there  were  at  times  Strong 
convulsions,  and  if  the  mufcles  had  at  any  one  time  occupied  either 
more  fpace  or  lefs  than  at  another,  a fenfible  fluctuation  would  have 
been  produced,  efpecially  when  the  column  of  fluid  was  rendered 
very  fine,  by  the  introduction  of  a fteel  wire  to  irritate  the  parts. 
That  part  of  the  eel  from  the  anus  to  the  tail  was  made  ufe  of  for 
this  experiment,  as  the  other  divifion,  containing  the  organs  of 
refpiration  and  the  air-bladder,  might  have  occafioned  a fallacy, 
from  the  expanfion  or  condenfation  of  an  elaftic  fluid,  by  acciden- 
tal changes  of  temperature,  or  compreflion.  This  was  repeated 
three  times,  with  the  fame  refult.  In  one  of  the  trials,  the  above- 
mentioned  portion  of  two  eels  was  introduced,  and  though  they 
were  at  times  both  in  convulfions  at  once,  not  the  leaft  motion  of 
the  fluid  in  the  tube  could  be  perceived. 

I was  the  more  defirous  to  be  accurate  in  this  and  the  preceding 
experiments,  as  the  refult  of  them  was  different  from  my  own  pre- 
pofleflion  at  the  time,  and  different,  I believe,  from  the  opinion  of 
moft  modern  phyflologifts.  It  may  fafely  be  inferred  from  them, 
that  the  contraction  of  a mufcle  produces  no  change  in  itsdenfity, 

and 
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and  that  animal  life  differs  from  inanimate  matter  in  this  refpett,  as 
well  as  in  moft  of  its  other  properties  and  laws.  One  purpofe  in  na- 
ture for  mufcles  always  preferving  the  fame  denfity  may  be,  that 
as  fome  of  them  aft  in  confined  cavities,  inconvenience  might  arife 
from  their  occupying  more  fpace  at  one  time  than  another.  In 
the  extremities  of  cruftaceous  animals,  for  inftance,  which  are  filled 
with  mufcles,  a change  of  denfity  would  be  apt  to  burft  them. 
This  may  alio  be  confidered  as  a proof  of  the  faot  rtfelf. 

Another  circumftance  in  which  the  contractions  of  mufcles  differs 
from  fimple  elafticity  is,  that  the  former,  however  frequent  and 
violent,  does  not  produce  any  heat  as  collifion  and  tenfion  are 
known  to  do.  This  may  admit  of  fome  cavil  with  regard  to  ani- 
mals of  warm  blood  ; for,  one  of  the  theories  with  regard  to  ani- 
mal heat  is,  that  it  arifes  from  the  perpetual  vibration  of  mufcular 
fibres,  particularly  thofe  of  the  vafcular  fyftem  ; but  this  will  not 
hold  with  refpeft  to  animals  of  cold  blood,  in  which  the  actions  of 
life  are  equally  vigorous. 

The  principal  phenomena,  therefore,  of  Mufcular  Motion,  are 
the  fhortening  of  the  fibres,  the  lateral  fwell,  the  increafe  of  cohe- 
fion  and  hardnefs,  and  the  unchanged  denfity  and  temperature. 
It  would  appear,  from  the  two  laif  circumftances,  that  the  intimate 
motions  of  the  particles  in  relation  to  each  other,  muft  be  different 
from  what  take  place  in  the  feveral  inftances  of  contraction  and 
expanfion  in  dead  bodies.  In  the  expanfion  arifing  from  the  aftion 
of  heat,  and  the  contraction  from  cold,  the  change  of  denfity  fhews 
that  in  the  one  cafe,  the  ultimate  particles  muft  recede  from  each 
other  ; and  in  the  other  cafe,  that  they  .muft  approach.  The  fame 
may  be  faid  of  elafticity.  But  as  there  is  no  alteration  of  the  den- 
fity 
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fity  of  a mufcle  in  paffing  from  relaxation  to  contraction,  this 

change  cannot  confifl  in  the  approximation  of  the  integrant  parts 

of  the  fibres,  but  muft  depend  on  fome  other  circumftance  in  the 

intimate  difpofition  of  the  particles.  In  attempting  to  conceive  in 

what  this  confifts,  the  following  explanation  may  be  offered 

It  was  formerly  mentioned  that  the  regular  flrudtu re  of  folid  bodies  A Theory  of 

Mufcular  coa- 

depended  on  the  polarity  and  fhape  of  their  integrant  parts.  Now  traaion. 
all  bodies,  except  fuch  as  are  fphaerical,  muff  have  a long  and  a 
fhort  axis  ; and  let  us  imagine  the  fibres  of  mufcles  to  be  compofed 
of  fphaeroidal  particles  ; we  may  then  conceive  relaxation  to  confifl 
in  their  being  difpofed  with  their  long  axis  in  the  line  of  the  fibres, 
and  contraction  to  confifl  in  their  fhort  axis  being  difpofed  more  or 
lefs  in  that  direction.  This  will  not  only  account  for  the  de- 
curtation,  and  uniform  denfity,  but  for  the  lateral  fwell,  and 
alfo  for  the  increafed  hardnefs  and  cohefion ; for  though  the 
particles  do  not  approach  or  recede,  as  in  bodies  limply  elaflic, 
yet  their  power  of  attraction  will  be  increafed  by  their  cen- 
tres being  brought  nearer,  and  by  being  applied  * to  each  other 
by  more  oblate  furfaces.  This  hypothefis  accords  with  what 
has  been  before  proved,  concerning  the  unchangeable  denfity; 
for  what  is  loll  in  one  dimenfion,  is  gained  in  another ; and  the 
eaufe  for  there  being  no  increafe  of  temperature,  depends  proba- 
bly on  the  fame  circumftance  by  which  the  denfity  is  preferved 
unaltered. 

* By  being  applied,  I do  not  mean  that  they  are  actually  in  contact ; for  it  is  evi- 
dent, from  the  effedf  of  heat  in  expanding  bodies,  and  of  cold  in  condenfing  them, 
that  there  can  be  no  fuch  thing  as  contudt  of  the  ultimate  particles  of  matter,  even 
on  the  fuppofition  that  thefe  confifl:  of  impenetrable  bodies  infinitely  hard. 
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This  account 
of  Mufcular 
Motion  does 
not  account  for 
the  operation 
of  Jiimuli. 


WHAT  has  been  hitherto  advanced  on  this  fubjeCt,  has  tended 
only  to  explain  that  ftate  of  a mufcular  fibre  which  renders  it  fuf- 
ceptible  of  contraction,  and  to  afcertain  the  nature  of  that  change 
which  takes  place  in  palling  from  the  ftate  of  relaxation  to  that  of 
contraction.  It  hill  remains  a queltion  by  what  efficient  power 
this  contraction  is  excited.  We  have,  indeed,  referred  the  caufe 
to  attraction  ; but  of  attractions  fome  are  perpetual,  fuch  as  gra- 
vitation, which  exerts  an  equal  and  unremitting  nifus  upon  every 
particle  of  matter,  which  is  the  fubjeCl  of  its  aCtion  ; and  there  are 
others  fugitive  and  occalional,  fuch  as  eleCtricity  and  magnetifm, 
and  we  may  add  mufcular  contraction.  Whth  regard  to  the  firfl 
kind,  as  it  is  always  uniform,  it  feems  fufficient  to  fay,  that  it 
exilts  as  a part  of  the  invariable  conftitution  of  nature ; but  with 
regard  to  that  which  is  fluctuating,  it  feems  incumbent  on  thofe 
who  fearch  into  the  laws  of  nature,  to  fay  by  what  mode  of  ef- 
ficiency the  attraction  is  performed,  fo  that  its  aCtion  fhould  take 
place  at  one  time,  and  not  at  another.  In  order  to  anfwer  this 
queftion,  with  regard  to  Mufcular  Motion,  we  ought  to  be  able  to 
fpecify  by  what  mode  of  operation  a Jlimulus  excites  contraction. 
Thofe  theories  which  account  for  the  contraction  of  mufcles,  by 
the  fwelling  of  the  fibres,  in  confequence  of  a conveyance  of  mat- 
ter, profeffed  to  account  for  the  operation  of  Jiimuli ; but  upon  the 
principles  I have  adopted  in  this  LeCture,  I am  obliged  to  confefs 
my  entire  ignorance  on  this  fubjeCt.  Perhaps  it  is  infcrutable. 
Perhaps  the  ftate  of  human  knowledge  is  not  ripe  for  fuch  an 
inquiry  ; for  we  are  Hill  in  the  dark  with  regard  to  molt  of  thofe 
properties  of  matter  which  bear  any  analogy  to  this,  and  the 
knowledge  of  which  might  tend  to  throw  light  upon  it.  We  know 
that  eleCtric  attraction  depends  on  the  accumulation  of  a fubtle 

fluid, 
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fluid,  but  we  are  ignorant  of  the  nature  of  magnetifm.  With  re- 
gard to  heat,  which  is  univerfally  a caufe  of  repulfion,  and  the  moft 
general,  powerful,  and  aflive,  as  well  as  the  moft  ufeful  and  fa- 
miliar agent  in  nature,  it  is  hardly  decided  as  yet  whether  it  is  a 
matter  or  a quality ; and  with  regard  to  light,  though  it  is  itfelf 
the  medium  by  which  we  become  acquainted  with  the  moll  re- 
mote objects,  it  is  fo  obfcure  in  its  own  nature,  that  it  is  hill  a 
queftion  whether  it  conflfts  in  the  tranfmiffion  or  vibration  of  a 
fubtle  fluid. 

As  I am  unable,  therefore,  to  explain  the  operation  of  Jlimuli , I 
fhall  content  myfelf  with  endeavouring  to  enumerate  them. 

Every  natural  caufe  exciting  the  contraction  of  a mufcul  ar  fibre,  Enumeration 

„ > . . . _ of  Stimuli. 

is  called  a JUmulus . They  may  be  divided  into  internal  and  exter- 
nal. As  an  example  of  the  former,  the  circulation  of  the  blood  i.  internal fti- 

• i . ...  muli. 

may  be  mentioned  ; as  this  is  kept  up  by  an  exciting  influence  of 
the  blood  upon  the  heart  and  vefiels  which  contain  and  impel  it. 

The  earliefl:  perceivable  inftance  of  Mufcular  motion,  is  the  beating 
of  the  heart,  as  it  is  feen  in  the  firfl:  rudiments  of  the  embryo  in 
an  egg,  and  called  the pundlum /aliens.  There  feems  to  be  eflablilh- 
ed  by  nature,  a certain  habitude  of  adlion  between  the  vefiels  and 
their  fluids,  whereby  the  former  are  duly  fiiimulated  to  propel  the 
latter.  This  does  not  depend  merely  on  the  acrimony  of  the 
fluids  ; for  if  a fluid  even  more  mild  than  the  blood,  fuch  as  milk, 
be  injedled  into  the  circulation,  it  will  produce  great  diflur'oance  ; 
and  if  the  blood,  by  being  deprived  of  the  influence  of  refpirable  air, 
becomes  deftitute  of  a certain  property  which  it  would  naturally  ac- 
quire in  the  aft  of  refpiration,  it  does  not  prove  a JUmulus  to  the 
heart. 
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All  the  func- 
tions of  the 
body  are  car- 
tied  on  by  fpe- 
cific  Jtimuli. 


The  irritability  of  all  the  containing  parts,  is  in  like  manner  ac- 
commodated to  the  nature  of  their  refpeflive  contents.  The  in- 
teftines  are  fo  calculated,  as  to  have  proper  motions  excited  in  them 
by  the  aliment,  and  the  fecretions  which  are  mixed  with  it ; and 
there  are  bodies  which,  though  perfectly  mild,  fuch  as  alimentary 
fubftances  of  difficult  digeftion,  yet  excite  more  violent  commo- 
tions in  the  domach  than  other  fubdances  which  are  very  acri- 
monious. The  various  effects  of  poifons  in  different  parts  of  the 
body,  may  alfo  be  mentioned  as  an  illudration  of  the  peculiar  fuf- 
ceptibility  of  the  feveral  organs  of  the  body.  The  poifon  of  a 
viper,  for  indance,  is  perfectly  innocent,  not  only  in  the  recep- 
tacles of  the  animal  which  produces  it,  but  it  may  betaken  into  the 
domach  of  any  animal  without  the  lead  bad  effeft,  and  only  exerts 
its  deleterious  power  when  brought  in  contact  with  a wounded  part. 
Some  vegetable  poifons,  on  the  contrary,  fuch  as  that  of  laurel 
water*,  prove  deadly,  when  taken  into  the  mouth,  or  applied  to 
any  part  of  the  alimentary  canal,  but  are  innocent  when  injedled 
into  the  veins.  The  fame  principle  might  be  illudrated  by  the  opera- 
tion of  various  medicines,  fome  of  which  aft  upon  one  fet  of  organs, 
and  fome  upon  another.  But  it  is  meant  here  more  particularly  to 
elucidate  the  natural  internal  aftions  of  the  body  ; and  it  may  be  re- 
marked, that  the  receptacles  of  the  feveral  fecreted  fluids,  fuch  as  the 
gall  bladder,  and  bladder  of  urine,  are  fo  adapted  to  their  natural  con- 
tents, by  a due  meafure  of  irritability,  as  to  bear  their  accumulation 
to  a certain  degree,  and  then  to  expel  them.  We  have  here  alfo  a 
proof  that  irritability  is  not  in  proportion  to  fenfibility  ; for  both 
thefe  receptacles  are  extremely  fenfible  to  pain  and  irritation,  from 
extraneous  acrimony,  though  fo  moderately  fenfible  to  the  acrimony 
of  their  natural  contents.  This  difpofition  in  the  feveral  organs  to 


* See  Experiments  on  Poifons,  by  Abbe  Fontana. 
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perform  their  natural  functions,  in  confequence  of  the  Jlimulus  of 
the  refpe&ive  fluids  they  contain,  has  aptly  enough  been  called  the 
natural  perception  of  thefe  organs  *. 

It  follows  from  this,  that  the  application  of  chemical  and  me- 
chanical Jiimuli  to  irritable  parts,  is  not  a mode  of  experiment  likely 
to  be  productive  of  ufeful  knowledge,  fince  the  internal  organs  are 
calculated  to  perform  their  a&ions  in  confequence  of  peculiar  and 
fpecific  Jiimuli , provided  by  nature  ; and  this  consideration  may 
ferve  to  fuggefl:  the  moft  likely  means  of  refloring  loft  irritability 
and  aCtion  to  the  vital  functions,  when  fufpended  by  fuffocation, 
Strangulation,  or  fubmerlion.  The  a&ion  of  the  heart  depends  on 
the  aCtion  of  the  lungs  and  the  infpiration  of  atmofpheric  air  ; and 
I have  found,  from  repeated  experiments  on  animals,  that  in  fuch 
cafes,  all  other  means  of  refloring  circulation  and  life,  are  of  little 
or  no  avail,  in  comparifon  of  inflating  the  lungs  with  atmofpheric 
air,  and  by  Stroking  and  prefling  the  ribs,  fo  as  to  imitate  the  ac- 
tion of  refpiration.  Neither  mechanical  friction,  nor  any  other 
external  Jlimulus , nor  Stimulating  clyfters,  feemed  to  have  any 
fenfible  effeCt  in  recalling  life.  The  only  other  means,  befides 
thofe  above  mentioned,  that  feem  material  in  attempting  to  reflore 
fufpended  animation,  is  a due  attention  to  the  external  temperature. 
In  the  cafe  of  drowning  in  cold  water,  for  inftance,  it  is  of  the  ut- 
moft  confequence  to  reflore  the  natural  warmth,  either  by  the 
cautious  ufe  of  artificial  heat,  or  the  application  of  living  bodies. 
In  the  cafe  of  thofe  who  have  been  fuffocated  by  foul  air,  it  is,  on 
the  contrary,  advifeable  to  expofe  them  to  cool  air. 

*•  This  idea  is  well  illuftrated  by  Mr.  Hunter  in  his  ledures  ; alfo  by  Mr.  Mudge, 
in  a diflertation  on  the  vis  vita p,  fubjoined  to  a trad,  entitled,  <c  A radical  and  ex- 
peditious cure  for  a catarrhous  cough,’5 
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And  to  patho- 


Exemplified 
in  the  abl'or- 
bents. 


From  what  has  been  before  advanced,  concerning  that  habitude 
or  mutual  influence  of  the  folids  and  fluids,  it  would  appear  that 
they  are  fpecifically  appropriated  to  each  other,  in  order  to  carry 
on  not  only  the  circulation,  but  the  important  functions  of  diges- 
tion, abforption,  Secretion,  and  excretion  ; and  as  the  healthy 
condition  of  an  animal  confifts  in  the  maintenance  of  that  natural 
harmony.  So  muft  the  (late  of  difeafe  depend  on  the  derangement 
of  thofe  delicate  impreflions  and  nice  Senflbilities,  or  rather  irritabi- 
lities, in  which  the  functions  of  the  Several  organs  confift;  and  as  the 
affeCtions  of  the  Solids  and  fluids  are  reciprocal,  difeafe  may  depend 
either  on  Some  deviation  of  the  former,  from  their  healthy  and  natural 
perceptions,  or  from  Some  acrimony  or  vitiation  of  the  latter,  or  per- 
haps more  commonly  from  the  concurrence  of  both,  in  confequence 
of  their  mutual  influence.  When  the  fluids  only  are  morbidly  af- 
fected, nature  alone  is  pofleffed  of  refources  of  cure  ; for  if  the 
containing  Solids  retain  their  natural  irritability,  they  will  be  Si- 
mulated to  expel  what  is  extraneous  or  vitiated.  A depraved  State 
of  the  Solids  is  therefore  likely  to  prove  a more  frequent  caufe  of 
morbid  derangement ; and  as  they  differ  from  the  fluids,  by  pef- 
Sefflng  an  inherent  activity,  it  is  the  objeCt  of  medicine  to  incite, 
reftrain,  or  alter  their  difeafed  actions,  according  to  the  nature  of 
the  morbid  affeCtion. 

It  is  evident,  that  this  doCtrine  will  admit  of  a much  more 
extenfive  application  in  pathology,  than  there  is  time  here 
to  follow  out  ; and  I Shall  confine  myfelf  to  the  illuftration 
of  it,  in  the  cafe  of  the  abforbent  veffels.  Thefe  evidently 
poflefs  a power  of  abforbing  certain  fubftances,  and  rejecting 
others.  The  laCteals,  for  inffance,  in  a State  of  health,  take  up 
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only  tile  nutritious  part  of  the  alimentary  mafs  ; for  there  is  in  the 
fecal  part  fubftances  equally  foluble  as  the  chyle.  The  inner  fur- 
face  of  the  gall  bladder  is  befet  with  abforbents,  which,  however, 
do  not  abforb  bile  in  the  ordinary  hate  of  health,  and  only  con- 
centrate it  by  taking  up  the  fluid  with  which  it  is  diluted.  But 
when  in  confequence  of  the  obftrudtion  of  the  gall  dudts,  the  blad- 
der becomes  over  diftended,  or  when  the  fpeciflc  perception  of  the 
abforbents  is  depraved  by  difeafe,  in  thefe  cafes  the  bile  is  abforbed 
and  thrown  into  the  circulation.  Sometimes,  fuch  unufual  adtions 
of  the  abforbents  are  excited  as  a refource  of  nature,  either  to  cure 
difeafe,  or  to  carry  on  growth  ; for  it  has  been  fhewn  by  Mr.  Hunter, 
that  not  only  foft  and  fluid  parts,  but  bone,  can  be  removed  by  abforp- 
tion.  At  other  times,  difeafe  confifts  in  affedlions  of  thefe  veflels, 
either  by  their  adtion  being  too  much  retarded,  as  in  the  cafe  of 
dropfy,  or  where  the  matter  of  an  ulcer,  or  in  the  puftules  of  the 
fmall  pox,  is  prematurely  abforbed,  in  confequence  of  the  depraved 
adtion  of  fever.  It  is  fufficiently  demonflrable,  that  the  whole  fur- 
face  of  the  fkin  and  bronch'ue  is  befet  with  inhaling  veflels,  which 
tCjfbrb  the  fluids  diflolved  in  the  atmofphere  ; and  it  would  be 
contrary  to  the  analogy  of  the  reft  of  the  body,  to  fuppofe  that 
thefe  are  not  poflefled  of  fome  eledtive  power,  whereby  they  prefer 
or  rejedt  fuch  fluids  as  are  prelented  to  them,  according  to  their 
feveral  qualities,  and  that  this  power  fhould  not  be  various,  ac- 
cording to  the  ftate  of  health  or  difeafe.  But,  independent  of  ana- 
logy, the  variable  ftate  of  the  human  body,  in  refpedt  to  its  fuf- 
ceptibility  of  contagious  difeafes,  feems  to  be  a diredt  proof  of  this. 
It  is  a well-known  fadt,  that  a perlon  who  has  never  had  the  fmall 
pox,  will  at  one  time  be  clofely  expofed  to  their  in  fed!  ion,  and 
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The  luperior 
fafety  of  ino- 
culation ac- 
counted for. 


Analogy  be- 
tween motion 
and  fenfation. 


yet  efcape  the  difeafe,  and  at  another  time  will  be  affeCted  by  the 
Eight. ft  degree  of  it.  If  it  fhould  be  Laid,  that  the  poifon  is  in- 
haled in  the  one  cafe  as  well  as  the  other,  but  that  the  internal 
ftate  of  the  body  is  in  one  cafe  difpofed  to  be  affe&ed,  and  in  the 
other  not,  it  may  be  anfwered,  that  any  method  by  which  it  can 
certainly  be  introduced,  as  by  inoculation,  will  almoft  infallibly 
produce  this  difeafe  in  conftitutions  that  have  never  before  under- 
gone it.  And  this  feems  to  afford  a folution  of  a much  agitated 
queftion,  On  what  does  the  fuperior  fafety  of  the  inoculated  fmall 
pox  depend  ? For,  in  a conftitution  already  morbidly  difpofed,  the 
powers  of  life  will  be  more  apt  to  give  way  to  any  difturbance  that 
may  be  excited ; and  the  fame  derangement  of  nature,  which,  in 
this  cafe,  makes  the  inhalant  veflels  admit  the  noxious  effluvia  of 
difeafe,  will  render  the  body  lefs  capable  of  counteracting  it  when 
admitted.  In  the  cafe  of  inoculation,  the  poifon  is  not  taken 
into  the  circulation  by  any  natural  operation  of  the  body  ; but 
being  obtruded  by  art,  there  is  no  particular  propcnfity  in  the 
conftitution  to  give  way  to  it,  unlefs  the  time  of  inoculation  fhould 
accidentally  coincide  with  thofe  moments  in  which  the  body  is  na- 
turally fufceptible  ; and  as  this  muft  fometimes  happen,  it  is  ac- 
cordingly obferved,  that  one  cafe  in  a great  number  of  inoculated 
fmall  pox,  is  equally  malignant  as  any  cafe  of  the  natural  fort. 

The  fpecific  irritability  of  mufcular  fibres,  in  confequence  of  the 
peculiar  addon  of  JUmuli , has  been  called  perception , as  was  men- 
tioned before.  This  term  is  not  to  be  taken  in  a fenfe  ftridly  lite- 
ral, but  as  a metaphor,  borrowed  from  fenfation,  and  applied  to 
motion.  In  like  manner  as  the  fenfes  are  fitted  to  convey  pecu- 
liar ideas,  in  confequence  of  their  refpeCtive  organs  being  adapted 
to  their  correfponding  external  impreflions,  fo  are  the  various  organs 
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of  motion  by  nature  made  fufceptible  of  excitement  from  peculiar 
impreflions,  either  internal  or  external.  This  analogy  is  the  more 
exaCt,  that  the  nerves  feem  to  be  the  inftruments  of  both  ; for 
not  only  the  organs  of  fenfation  and  voluntary  motion,  but  thofe 
of  involuntary  motion,  are  fupplied  with  nerves,  and  dependant 
upon  them  ; for  if  the  influence  of  the  nerves  leading  to  the  heart 
or  inteftines  is  interrupted,  by  cutting  ligature  or  palfy,  the  func- 
tion of  thefe  parts  is  thereby  deftroyed.  Thus,  as  there  is  a pecu- 
liar  fenflbility  belonging  to  the  feveral  fenfes,  fo  is  there  a peculiar 
irritability  belonging  to  the  feveral  organs  of  motion.  The  inten- 
tion of  Nature,  therefore,  in  diftributing  nerves  to  every  mufcular 
organ,  was  probably  in  order  to  conlftitute  thofe  peculiar  percep- 
tions on  which  the  various  vital  and  natural  functions  depend.  But 
I give  this  only  as  a conjecture  ; and  though  the  nervous  influence 
may  thus  modify  irritability,  there  is  reafon  to  think  that  it  does  not 
bejlow  it. 

This  leads  us  to  confider  how  far  vitality  is  dependant  on  the 
nerves.  It  has  been  the  opinion  of  fome  phyfiologifts,  who  have 
been  fuppofed  to  entertain  very  rational  ideas  of  the  animal  oeco- 
nomy,  that  all  mufcular  irritability  depended  on  a fentient  prin- 
ciple * ; and  fome  have  even  maintained,  that  there  is  an  intelli- 
gent principle  -j-  refiding  in  animal  bodies,  in  order  to  guide  their 
functions  and  operations.  From  the  preceding  faCts  and  reafoning, 
and  from  its  being  well  attefted  that  there  have  been  feveral  in- 
ftancesof  the  production  of  foetufes,  without  the  brain  j,  there  feems 

* See  Whytt  on  the  vital  and  involuntary  motions. 

F Vide  Opera  Stabl'd  & Preleftio  de  anima  medica , Audi.  DoA.  Nicholls. 

t See  Phil.  Tranf.  Vol.  XIX.  and  XXL 

no 
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no  occafion  to  have  recourfe  to  fo  violent  a hypothecs.  This,  how- 
ever, is  not  the  queftion  here  intended  to  be  difcufled  ; but  it  is  meant 
to  enquire,  whether  or  not  there  is  a foundation  in  nature  for  an 
opinion  broached  by  Mr.  Hunter,  that  there  is  a living  principle, 
diftindt  from  the  nervous  fyftem,  and  independent  of  fenfation  and 
confcioufnefs.  The  principal  fadt  in  fupport  of  this  opinion,  is 
the  exiftence  of  animals  without  brain  and  nerves.  That  there  are 
fuch,  was,  I believe,  firft  obferved  by  Haller  *,  and  has  been 
confirmed  by  Mr.  Hunter  ; who  maintains  farther,  that  the  fto- 
mach  is  a centre,  or  feat  of  life,  more  eflential  to  it  than  the  brain. 
That  the  ftomach  fhould  be  an  organ  of  fo  much  confequence, 
feems  natural  enough,  from  the  importance  of  its  function, 
which  is  that  of  affimilation  ; and  life  can  be  more  imme- 
diately and  completely  extinguifhed  by  an  injury  to  it,  fuch 
as  a blow,  than  by  the  fame  violence  to  any  other  part  of 
the  body.  It  is  alfo  well  known,  that  the  mufcular  fibres 
of  animals,  endowed  with  a nervous  fyftem,  will  retain  their 
irritability  for  fome  time  after  their  feparation  from  the  brain 
and  nerves.  It  is  evident,  likewife,  from  the  phenomena  - e£-  ve- 
getation, that  irritability  may  exift  in  nature,  .without  fenfation, 
conlcioufnefs,  or  any  fufpicion  of  the  exiftence  of  a nervous  fyftem. 
The  fadts  I allude  to,  are  not  only  the  perceptible  motions  of  the 
fenfitive  plant,  but  more  particularly  thofe  motions  which  muft 
neceftarily  take  place  in  all  plants,  in  carrying  on  their  growth; 
for  there  is  no  accounting  for  the  accretion  of  folid  parts,  in 
confequence  of  the  conveyance  of  nutrition  by  the  propulfion 
of  the  fap,  but  by  admitting  fome  power,  adting  by  laws 
different  from  thofe  of  dead  matter.  In  favour  of  this  opinion, 
it  is  farther  obfervable,  that  thofe  animals  which  are  deftitute 


* Vide  Primus  Vincas  Phyfiologia ? ccccii. 
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of  brain  and  nerves,  are  of  the  clafs  vermes,  the  mod;  fimple  in 
nature,  having  only  one  function,  to  wit,  that  of  ajjimilalion,  and 
therefore  not  requiring  that  variety  of  action,  and  thofe  peculiar 
perceptions  which  are  neceffary  to  more  complex  animals.  Laftly, 
the  flate  of  an  egg  before  incubation,  and  the  condition  of  thofe 
animals  which  become  torpid  from  cold,  and  afterwards  revive,  af- 
ford fadls  which  favour  this  opinion  ; as  they  fhew  that  there  is  a 
certain  principle  of  felf-prefervation,  independent  not  only  of  the 
operation  of  the  nervous  fyflem,  but  even  of  the  circulation  ; for, 
in  this  quiefeent  flate,  thele  portions  of  animal  matter  are  preferved 
for  a great  length  of  time  from  that  corruption  to  which  they 
would  otherwile  be  liable,  and  their  fluids  are  prevented  from 
freezing  in  a degree  of  cold,  which  would  congeal  them,  were  they 
deflitute  of  every  principle  of  life. 

But  though  fimple  life  may  be  confldered  as  diflindt  from  the 
nervous  fyflem,  which  is  only  an  acceflary  appendage  to  it,  yet  in 
thofe  animals  in  which  they  are  conjoined,  the  purpofes  of  nature 
render  them  dependant  on  each  other.  The  functions  of  the 
brain,  for  inflance,  cannot  go  on  without  the  adlion  of  the  heart  ; 
for  whenever  the  circulation  of  the  blood  is  interrupted,  confciouf- 
nefs  and  fenfation  are  deflroyed,  as  is  evident  in  the  cafe  of  a fwoon, 
and  in  the  effedls  of  flrangulation.  On  the  other  hand,  as  has  been 
before  obferved,  the  adlion  of  the  heart  has  a dependance  on  the 
influence  of  the  nerves,  as  connedted  with  the  brain.  There  are 
alfo  inconteflible  proofs  of  the  extreme  veflels  being  affedled  by  the 
influence  of  the  brain  ; for  we  know  that  a thought  in  the  mind 
will  produce  partial  determinations  of  the  circulating  fluids,  as  in 
the  cafe  of  bluffing,  and  the  fullnefs  of  the  veflels  in  the  organs 
of  generation,  in  confequence  of  certain  -paffions.  It  does  not, 

B how- 
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however,  follow,  from  all  this,  that  irritability  depends  on  the 
nerves  ; the  influence  of  which  may  be  confldered  as  modifying 
general  irritability,  in  the  manner  already  mentioned ; or  it  may 
be  confldered  rather  as  a Jlimulus  to  the  mufcular  fibres,  than  as  en- 
dowing them  with  irritability,  as  in  the  inftances  lafl:  adduced  : and 
though  the  organs  effential  to  life,  fuch  as  the  heart,  cannot  exert  the 
adlion  neceflary  to  life,  without  the  influence  of  the  nerves,  yet  the 
veflels  of  the  extremities  can  exert  their  ufual  adiion  independent 
of  it ; for  there  are  cafes  in  which  the  natural  heat  and  circulation 
continue  in  the  limbs,  after  a total  deprivation  both  of  voluntary 
motion  and  fenfation  *. 


Effential  pro» 
perties  of 
fimple  life. 


It  may  here  be  obferved,  that  befide  mufcular  irritability,  the 
principal,  if  not  the  only,  powers  of  fimple  life,  are  the  aflimilation 
of  aliment,  and  that  power  in  the  living  body,  by  which  it  preferves 
itfelf  from  putrefaction  ; and  it  is  ftrongly  in  proof  of  vitality  being 
independent  of  nervous  power,  that  when  the  trunk  of  a nerve  is 
cut  through,  the  limb  to  which  it  leads,  though  deprived  of  all  fen- 
fation and  voluntary  motion,  not  only  continues  free  from  fponta- 


* This  fa£t  is  afcerta'ined,  both  by  the  experiment  of  cutting  the  crural  nerVe  of 
a living  animal,  and  by  the  ciicumftances  attending  certain  difeafes.  I lately  met 
with  two  cafes  of  palfy,  in  which  there  was  a total  lofs  both  of  fenfation  and  volun- 
tary motion  in  the  lower  extremities,  and  yet  the  natural  warmth  and  circulation  re- 
mained. In  one  of  thefe  cafes,  excoriations  were  produced  on  the  feet  by  finapifms ; 
and  in  the  other,  blifters  rofe  on  the  knees,  but  without  exciting  any  fenfation,  and 
the  parts  healed  as  in  a healthy  perfon.  The  firlt,  was  that  of  a gentleman  advanced 
in  life,  in  whom  this  affecStion  came  on  after  the  gout  in  the  flomach,  and  he  died 
in  confequence  of  the  palfy  extending  to  the  bladder  and  other  vifcera.  The  other 
was  that  of  a young  woman  in  St.  Thomas’s  Hofpital,  who  had  been  fubjeft  to 
violent  hylterical  convulfions.  After  a tedious  illnels,  Ihe  entirely  recovered  the  ufe 
and  feeling  of  her  limbs. 
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neous  putrefaction,  but  the  warmth  and  circulation  continue,  even 
though  the  nerve  Ihould  not  be  regenerated*.  The  only  vifible 
change  produced  in  a limb  by  this  operation,  is,  that  after  fome 
time  it  begins  to  wafte, 

But  there  are  circumftances  that  would  feem  to  prove,  that  the  The  influence 

of  the  nervous 

nervous  fyftem  is  not  only  a mere  appendage  to  life,  but  that  it  fyftem  un- 
friendly to 

tends  to  impede  its  operation,  and  fhorten  its  exiftence.  Simple  fimpieiife. 
life  will  not  only  furvive  fenfation,  but  will  furvive  it  longer,  if 
the  animal  is  killed,  by  deftroying  the  nervous  fyftem,  than  if  it 
had  been  deftroyed  by  haemorrhage,  fuffocation,  or  other  violence. 

It  is  a curious  and  well  afcertained  fa£f,  that  if  a fifh,  immediately  This  iiiuftrat- 

ed  by  obferva- 

upon  being  taken  out  of  the  water,  is  ftunned  by  a violent  blow  on  tionson  fifh, 

the  head,  or  by  having  the  head  crufhed,  the  irritability  and  fweet- 

nefs  of  the  mufcles  will  be  preferved  much  longer,  than  if  it  had 

been  allowed  to  die  with  the  organs  of  fenfe  entire.  This  is  fo 

well  known  to  fifhermen,  that  they  put  it  in  practice,  in  order  to 

make  them  longer  fufceptible  of  the  operation  called  crimping.  A 

falmon  is  one  of  the  fifh  leaft  tenacious  of  life,  infomuch,  that  it 

will  lofe  all  figns  of  life  in  lefs  than  half  an  hour  after  it  is  taken 

out  of  the  water,  if  buffered  to  die  without  any  farther  injury;  but  if, 

immediately  after  being  caught,  it  receives  a violent  blow  on  the 

head,  the  mufcles  will  fhew  vifible  irritability  for  more  than  twelve 

hours  afterwards. 

There  is  a circumftance  obferved  with  regard  to  animals  of  warm  on  quadru- 
blood,  which  feems  to  depend  on  the  fame  principle.  An  exceffive  pecLj 
exertion  of  voluntary  motion,  immediately  before  death,  prevents 
the  mufcles  from  becoming  rigid  when  cold,  and  renders  them 

* It  appears,  from  fome  experiments  of  Mr.  Cruiklhank,  that  there  is  a procefs 
in  nature,  whereby  nerves  can  be  regenerated  after  being  cut  through. 
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And  difeafes 
of  the  human 
fpecies. 


Every  exercife 
of  the  brain 
produces  fa- 
tigue. 


Hence  the  ne- 
cellity  of  fleep. 


more  prone  to  putrefaction.  Thus,  if  an  ox  is  killed  immediately 
after  being  overdrove,  the  carcafe  will  not  become  ftiff  when  it 
grows  cold,  nor  is  it  capable  of  being  preferved  by  means  of  fait. 

In  illudration  of  the  fame  principle,  it  may  be  remarked,  that 
there  is  a fymptom  in  certain  difeafes  of  the  human  fpecies,  fhew- 
ing  that  digeftion,  which  is  one  of  the  principal  functions  of  fimple 
life,  will  fometinies  go  on  better,  in  confequence  of  lefions  of  the 
brain  ; for  in  thofe  diforders  in  which  the  exercife  of  the  fenfes  is 
in  a great  mealure  deftroyed,  or  fufpended,  as  in  the  hydrocepha- 
lus and  apoplectic  palfy,  it  happens  not  uncommonly  that  the  ap- 
petite and  digeftion  are  better  than  in  health. 

From  thefe  fadts  we  may  infer,  with  Mr.  Hunter,  that  the  ex- 
ercife of  fenfation  is  inimical  to  life,  and  that  a fort  of  fatigue  is 
induced  by  this,  as  well  as  by  voluntary  motion  : fo  that  all  that 

intercourfe  carried  on  through  the  nerves,  whether  towards  the 
brain,  in  the  cafe  of  fenfation,  or  from  the  brain,  in  aCts  of  volition, 
tends  to  wea  rout  the  animal  powers  *.  And  as  intenfe  and  long- 
continued  thought,  though  not  terminating  in  any  outward  aCtion, 
tends  alfo  to  produce  an  inability  for  farther  exertions,  it  would 
appear  that  the  brain,  or  fenforium,  is  more  particularly  the  organ 
which  is  fubjeCl  to  that  fpecies  of  fufferance  called  fatigue.  From 
thefe  fads,  we  perceive  the  neceffity  of  fleep,  which  confifts  in  a 

* There  are  fome  ingenious  remarks  on  the  analogy  of  fenfation  and  motion,  in 
a paper  on  the  ocular  fpeflra  of  light  and  colours,  by  Dr.  Robert  Waring  Darwin, 
Phil.  Tranf.  Vol.  LXXVI.  This  diflertation  abounds  with  refined  and  well-de- 
fiuced  obfervations  on  the  fubjeft  he  treats  of. 
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temporary  fufpenfion  cf  fenfation,  volition,  and  thought,  and  is  a 
refource  of  nature,  whereby  the  powers  of  life  recover  themfelves 
after  fatiety  and  fatigue,  which  are  provided  as  guards  to  warn  us 
when  nature  is  in  danger  of  being  drained,  either  by  repletion  or 
over  exertion  ; and  it  is  evident  that  fuch  barriers  were  abfolutely 
necefiary,  in  order  to  fet  bounds  to  operations  which  are  only  oc- 
cafionally  requifite,  and  which  would  otherwife  depend  on  the 
caprices  of  the  will.  The  exercife  of  fenfation  and  voluntary  mo- 
tion, in  a moderate  degree,  is  conformable  to  the  intention  of  na- 
ture, and  therefore  falutary  ; and  it  is  only  when  they  are  exceffive, 
that  they  tend  to  wear  out  the  powers  of  life,  and  more  efpecially 
if  thefe  are  not  duly  recruited  by  deep.  Immoderate  labour,  there- 
fore, and  watching,  alfo  fpafms  and  convulfions  of  every  kind,  are 
unfriendly  to  health  and  long  life  : in  like  manner,  fenfations, 
when  too  frequent  or  intenfe,  efpecially  thofe  which  confift  in 
the  gratification  of  the  fenfes,  tend  to  wear  out  the  animal 
powers ; and  hence  we  perceive  why  a life  of  fenfuality  is 
productive  of  certain  difeafes,  independent  either  of  the  re- 
pletion or  evacuation  which  attend  them.  The  gout,  but  more 
certainly  the  palfy,  feems  to  proceed  merely  from  the  indul- 
gence of  the  fenfes  ; for  the  latter  commonly  enough  occurs  in  the 
molt  fpare  and  emaciated  conflitutions,  and  in  thofe  who  have 
been  accuftomed  to  exhaufting  pleafures,  as  well  as  thofe  of  a full 
habit,  who  have  indulged  in  the  excefifes  of  the  table.  A turge- 
fcence  of  the  veffels  in  the  brain  will  certainly  be  more  apt  to  pro- 
duce that  rupture  of  them  in  which  apopledtic  palfv  confifts,  when 
thefe  veflels  have  been  relaxed,  as  we  conceive  them  to  be,  by  fre- 
quent and  intenfe  fenfations.  But  in  thofe  who  are  the  reverfe  of 
being  plethoric,  and  who  fall  victims  to  this  difeafe,  in  confequence 
of  too  free  indulgence  in  venereal  pleafures,  in  the  decline  of  life, 
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And  the  good 
effefls  of  re- 
moving irri- 
tation in  cer- 
tain difeafes. 


(as  every  one  who  has  much  obfervation  of  the  world,  or  experience 
in  phyfic,  knows  to  be  a frequent  cafe)  it  mull  arife  from  a pre- 
ternatural weaknefs  in  the  brain,  induced  by  the  mere  circumftance 
of  fenfation.  This  accounts  for  what  has  been  reckoned  a diffi- 
culty in  reafoning  on  the  caufe  of  apoplexy  and  palfy,  to  wit,  that 
the  fame  effect  ffiould  be  produced  by  thofe  gratifications  which 
produce  repletion,  as  by  thofe  which  produce  evacuation. 

It  follows,  from  the  fame  principle,  that  when  life  is  threatened 
by  certain  difeafes,  of  wdfich  the  chief  fymptom  is  irritation,  any 
means  by  which  fenfation,  whether  natural  or  morbid,  and  muf* 
cular  motion,  whether  voluntary  or  involuntary,  convulfive  or 
fpafmodic,  can  be  foothed  or  fufpended,  will  prove  falutary,  by 
allowing  the  powers  of  life  to  rally,  as  it  were,  and  recover  them- 
felves.  In  this  confifts  the  operation  of  narcotic  medicines,  fuch 
as  opium,  which,  in  complaints  both  of  a general  and  local  nature, 
proves  ufeful  not  merely  as  a palliative,  by  the  removal  of  tem- 
porary pain  or  fpafm,  or  by  procuring  fleep,  but  as  a principal 
inftrument  of  recovery,  by  allowing  the  powers  of  life  to  exert 
their  natural  aflion,  in  confequence  of  the  removal  of  irritation  *. 

* As  an  example  of  the  general  affe&ions  of  the  conftitution  in  which  opium  is  a 
ufeful  remedy,  we  may  mention  thofe  low  fevers  in  which  the  principal  fymptoms 
are  tremors,  pervigllum , and  low  delirium.  And  as  an  inftance  of  local  affedtions, 
in  which  it  has  been  found  highly  ferviceable,  we  may  mention  ill-conditioned  ul- 
cers of  all  kinds,  but  particularly  thofe  which  occur  in  the  venereal  difeafe.  One  of 
the  principal  difficulties  in  the  cure  of  this  difeafe,  is  that  irritability  of  conftitution 
whereby  ulcers  are  fo  exafperated,  by  the  ufe  of  mercury,  as  not  to  bear  a fufficient 
quantity  of  it  to  produce  a cure.  This  is  obviated  by  a free  ufe  of  opium,  which 
feems  more  efficacious  in  fuch  cafes,  than  even  Peruvian  bark,  or  any  other  remedy ; 
and  this  is  one  of  the  principal  modern  improvements  inthe  treatment  of  this  difeafe. 

It 
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It  is  but  juft  to  own,  that  this  is  an  idea  which  was  firft  fuggefted 
to  me  by  a learned  aud  eminent  phyfician  * of  this  place,  when  in 
confutation  with  him  a few  years  ago* 

It  would  be  curious,  as  well  as  ufeful,  to  diftinguifh  the  ope-  Comparative 

effefts  of  opi 

ration  of  medicines,  as  they  affect  fimple  or  fenfitive  life.  I at-  ™ upon  fen 

fitive  and 

tempted  a comparifon  of  this  kind  with  opium,  which,  though  it  fimple  life, 
chiefly  affedts  fenfation,  has  alfo  a powerful  effedt  on  fimple  life, 
as  I found  by  trying  its  effects  upon  leeches,  which  are  a fpecies  of 
animals  without  brain  or  nerves^  In  order  to  difcern  the  power  of 
this  drug,  as  affedting  the  different  principles  of  animals  pofleffing 
both  forts  of  life,  I took  a folution  of  it  in  water,  Into  one  portion 
of  which  I put  fome  found  living  eels,  and  into  another  fome  eels, 
alfo  alive,  but  having  their  heads  bruifed,  chufing  the  former,  as 
nearly  as  I could,  of  the  fame  vigor  with  the  latter,  before  their 
heads  were  bruifed.  It  was  found,  in  a number  of  trials,  that  the 
found  eels  generally  died  fooner  than  the  others.  The  opium  had 
a double  effedt  on  the  former,  as  it  adted  both  upon  the  fenfes  and 
upon  the  principle  of  fimple  life,  and  the  effedt  upon  the  fenfes 
was  more  than  equivalent  to  the  external  injury  of  the  latter,  upon 
which  the  opium  adted  only  upon  one  principle,  the  fenfes  being 
locked  up  by  the  deftrudtion  of  their  organs.  In  order  to  make 
this  operation  fucceed,  the  folution  fhould  be  of  a certain  degree 
of  ftrength,  fo  as  to  adt  as  a poifon.  There  fhould  be  at  leaft  half  a 
grain  of  opium  to  an  ounce  of  water.  When  the  trial  was  made 
with  a folution  of  half  this  ftrength,  the  found  eels  lived  much 
longer  $ for  the  time  was  then  protradled  to  that  period  in  which 
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the  wounded  eels  would  have  died  merely  of  their  injury.  It  may 
be  mentioned,  that  thofe  which  had  their  heads  bruifed,  and  were 
put  into  a folution  of  opium,  died  considerably  fooner  than  thofe 
which  had  Suffered  the  fame  injury,  and  were  put  into  plain  water 
for  a Standard. 

Having  considered  the  various  qualities  of  the  fluids  exciting  the 
corresponding  irritability  of  the  refpedtive  vtffels,  as  a leading  prin- 
ciple in  carrying  on  Some  of  the  mold  important  functions  of  the 
body,  and  Serving  to  account  for  many  of  the  vital  and  involuntary 
motions,  the  only  other  internal  Jllmuti  that  remain  to  be  enume- 
rated, are  thofe  connected  with  confcioufnefs.  The  great  maffes 
of  mufcle  in  the  trunk  and  extremities  of  the  body,  are  the  instru- 
ments of  the  mind  in  adting  upon  external  bodies  ; and  we  may, 
therefore,  reckon  in  the  liSt  of  Jlimuli , the  nervous  power  by  which 
the  will  and  the  paffions  excite  external  motions.  This  is  a func- 
tion Sufficiently  important  for  the  nerves,  without  admitting  them 
as  the  principle  upon  which  irritability  depends.  This  queftion  has 
been  already  difeuffed  ; but  it  may  be  farther  obferved,  that  the  ner- 
vous power,  being  a Stimulus  adting  upon  an  irritable  principle  in  the 
mufcular  fibres,  affords  a prefumption  that  they  are  different  from 
each  other;  for,  the  matter  being  confidered  abStradtedly,  where  any 
effedt  is  the  refult  of  the  concurrence  of  two  bodies,  as,  for  inftance, 
in  the  combinations  of  chemiftry,  thefe  two  bodies  muff  be  different, 
in  order  to  produce  any  given  effedt.  It  is  otherwife,  indeed,  when 
the  effedt  depends  on  mere  communication , as  in  the  cafe  of  mecha- 
nical impulfe,  where  the  fame  motion  that  is  loll:  by  one  body  is 
acquired  by  another.  But  it  will  not  be  Said,  that  there  is  any  Simi- 
larity 


LECTURE  ON  MUSCULAR  MOTION, 


larity  between  what  takes  place  in  a nerve,  and  what  takes  place  in 
a mufcuiar  fibre  in  the  a Ct  of  voluntary  contraction. 

I have  already  acknowledged  my  ignorance  of  the  manner  in 
which  Jlimuli  in  general  operate,  and  that  this  muff  be  admitted  as 
an  ultimate  fad  in  nature.  But  the  operation  of  the  will  through 
the  nerves,  feems  involved  in  double  obfcurity  ; for  as  it  depends 
on  the  nature  of  thought,  it  cannot  be  made  a fubjeCt  of  experi- 
mental inveftigation.  For  this  reafon  I fhall  decline  the  inquiry, 
as  not  being  adapted  to  the  ends  of  this  Society  ; and  it  feems 
impoffible  for  human  fagacity  to  penetrate  the  connection  of  matter 
with  fenfation  and  volition,  except  by  inferences  more  or  lefs  hy- 
pothetical. The  properties  of  different  bodies,  in  relation  to  each 
other,  appear  to  be  the  only  proper  fubjeCts  of  experimental  rea- 
foning ; for,  in  their  relation  to  the  mind,  they  are  only  the  ef- 
fects, perhaps  the  remote  effeCts,  of  their  intimate  nature  upon  the 
fenfes ; fo  that  we  may  venture  to  affirm  that  human  reafon  can  no 
more  fathom  the  connection  of  thought  with  the  correfponding 
changes  in  the  corporeal  organs,  than  the  eye  can  fee  itfelf. 

Thofe  affeCtions  of  the  mufcuiar  fibres,  which  depend  on  th e paf- 
Jions , though  diftinCt  from  thofe  excited  by  the  will,  may  yet  be 
enumerated  here  among  thofe  which  flow  from  confcioufnefs  ; for 
there  are  emotions  of  the  mind  that  have  vifible  and  powerful  effeCts 
on  the  heart  and  vafcular  fyftem,  which  are  organs  entirely  out  of 
reach  of  the  will.  Not  to  mention  the  well-known  effeCts  of  grief, 
fear,  and  joy,  which  affeCt  the  whole  circulation,  there  are  certain 
paffions  and  fentiments  which  produce  partial  and  local  effeCts. 
Thefe  are  eftabhfhed  by  Nature,  either  to  anfwer  fome  impor- 
tant natural  purpofe,  as  in  the  cafe  of  the  congeftion  of  the  fluids 
in  the  parts  of  generation,  in  confequence  of  the  venereal  appetite, 
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or  to  ferve  as  natural  expreffions,  as  in  the  cafe  of  blufhing  and 
weeping.  One  of  the  mod:  ftriking  effects  of  the  paffions 
upon  mufcular  aftion,  is  the  influence  they  have  upon  the 
ftrength  or  mechanical  force  of  the  voluntary  mufcles.  Fear  pro- 
duces debility,  almoft  amounting  to  pally.  Courage  and  ardor  of 
mind,  on  the  contrary,  adds  to  the  natural  ftrength.  When  the 
mind  is  agitated  by  fome  interefting  objedt,  and  calls  upon  the  body 
for  fome  extraordinary  exertion  to  effedl  its  end,  the  mufcles  are 
thereby  enabled,  as  it  were  by  magic,  to  perform  adls  of  ftrength, 
of  which  they  would  be  entirely  incapable  in  cold  blood.  In  cir- 
cumftances  of  danger,  for  inftance,  where  life  or  honour  are  at 
ftake,  exertions  are  made  in  overcoming  mechanical  reliftance,  which 
feem  incredible,  and  would  be  impoffible,  were  not  the  mind  in  a 
fort  of  phrenzy,  and  it  is  truly  admirable  in  the  oeconomy  of  na- 
ture, that  an  idea  in  the  mind  Ihould  thus  in  a moment  augment 
the  powers  of  motion,  and  infpire  additional  refources  of  ftrength, 
adequate  to  the  occafional  calls  of  life*.  The  great  increafe  of  ftrength 
in  maniacs,  is  alfo  referable  to  the  paffions  of  the  mind.  Thefe  confide  - 
rations  would  almoft  lead  us  to  doubt  whether  or  not  the  accounts 
we  have  of  the  great  feats  of  ftrength  afcribed  to  individuals  in  the 
heroic  ages,  are  fabulous  or  not.  It  is  alfo  worthy  of  remark,  that  in 

* This  extraordinary  degree  of  ftrength,  infufed  into  the  mufcles  by  ardent  paf- 
fions and  affedlions,  has  been  conftdered,  by  unenlightened  minds  and  heated  imagi- 
nations, as  a [upernatural  influence  ; and  the  ftriking  effedts  defcribed  above,  may  form 
fome  excufe  for  fuperftition  in  attributing  them  to  the  fecret  agency  of  fome  propiti- 
ous and  irrefiftible  power.  The  etymology  of  enthujiafm , a word  expreflive  of  thefe 
uncommon  exertions,  ftiews  that  there  was  originally  fuppofed  to  be,  on  certain  oc- 
caftons,  fome  divine  influence  adluating  the  human  frame.  The  confcioufnefs  of  this 
increafed  vigor  of  mind  and  body,  exalted  by  the  belief  of  its  divine  fource,  will 
ferve  to  account  for  thofe  peculiar  and  aftonifhing  efforts  of  enthuflafm,  which  are 
met  with  in  the  hiftory  of  mankind. 


great 
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great  and  lafting  exertions  of  ffrength,  to  which  men  are  impelled 
by  adtive  and  generous  affedtions,  fatigue  is  not  induced  in  the  fame 
proportion,  by  many  degrees,  as  by  the  fame  quantity  of  mufcular 
adtion  in  the  cool  and  deliberate  adtions  of  common  life*. 

The  other  clafs  of  Jiimuli  to  be  enumerated,  are  the  external.  External 

Stimuli, 

Thefe  confift  in  impreffions  made  by  outward  bodies.  They  are 
either  immediate,  as  in  the  cafe  of  thofe  motions  which  are  excited 
by  mechanical  means,  or  by  acrimony,  diredtly  and  artificially  ap- 
plied to  a mufcular  fibre  ; or  they  are  remote,  as  in  the  various  in- 
ftances  of  fympathy,  and  in  the  cafe  of  thofe  inftindts  which  nature 
has  conftituted  for  the  purpofe  of  felf-prefervation  in  brutes,  and  in 
the  early  part  of  human  life.  I fhall  here  confine  myfelf  to  a few 
remarks  on  inftindt,  as  the  other  branches  of  this  fubjedt  have  been 
fully  and  ably  handled  by  thofe  who  have  gone  before  me  in  this 
Ledture. 


There  is  a connedtion  eftablifhed  between  the  impreffion  of  certain  Analogy  be- 
external  bodies  and  the  adtion  of  certain  mufcles,  analogous  to  what  and  external 
has  already  been  noticed  with  regard  to  the  internal  motions  excited  J 
in  veffels  by  the  peculiar  famulus  of  their  fluids,  Nature  having  in- 
flituted  certain  habitudes  between  outward  Jiimuli  and  the  moving 
powers  whereby  natural  propenfities  are  confHtuted,  equally  necef- 
fary  to  the  fupport  of  life  as  the  internal  fundlions.  Thus,  in  a 
new-born  animal,  the  firff  contact  of  the  external  air  excites  the 
act  of  refpiration,  and  the  contadt  of  the  nipple  excites  the  adt  of 
fucking  ; both  of  which  actions  are  abfolutely  neceffary  to  the 


* See  Obfervations  on  the  Difeafes  of  Seamen.  Cook  II.  chap.  III. 
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lepture  on  muscular  motion. 

maintenance  of  life,  and  require  the  nice  co-operation  of  a great 
number  of  mufcles,  prior  to  all  experience.  Aflions  of  this  kind  are 
called  inftin&ive,  and  differ  from  voluntary  motions  in  this  refpeft, 
that  the  latter  are  the  refult  of  memory  and  experience,  whereas 
the  former  are  the  immediate  effect  of  external  impreffions,  in  con- 
fequence  of  an  eftablifhed  law  of  nature,  and  independent  of  con- 
feioufnefs.  The  actions  of  inftin£t  and  thofe  of  volition,  never- 
thelefs,  run  imperceptibly  into  each  other,  fo  that  what  was  at  firft 
inftin&ive,  may  afterwards  come  to  be  a matter  of  deliberate  choice. 
The  fame  mufcles  are  the  inflruments  of  both,  and  they  differ  from 
the  mufcles  obeying  the  internal  Jlimuli,  fuch  as  the  heart,  in  this 
refpeft,  that  they  are  liable  to  fatigue,  and  thereby  concur  with  the 
exercife  of  fenfation  and  of  thought,  in  rendering  fleep  neceffary. 
There  are  no  mufcles,  except  thofe  of  refpiration,  of  which  the  con- 
flant  a6tion  is  neceffary  to  life,  and  which  are  void  of  confcioufnefs 
in  their  ordinary  exercife,  but  which  are  yet  in  fome  meafure  under 
the  control  of  the  will.  The  principal  end  anfwered  by  this  power 
of  the  will  over  the  mufcles  of  refpiration  in  man,  is  to  form  and 
regulate  the  voice. 

But  though  infHnftive  motions  are  in  fome  cafes  convertible  into 
thofe  which  are  voluntary,  we  fhould  be  fo  far  from  confounding 
them,  that  the  former  are  even  compatible  with  the  want  of  con- 
fcioufnefs and  fenfation  ; for  thofe  animals  which  are  deftitute  of 
brain  and  nerves,  are  capable  of  actions  evidently  of  the  inftin&ive 
kind.  A leech,  for  inftance,  being  brought  into  contact  with  a 
living  animal,  is  impelled,  by  an  inLtin6t  of  its  nature,  to  faften 
upon  it,  and  fuck  its  blood.  There  is  fomething  very  fimilar  to 
this  even  in  vegetables,  as  in  the  cafe  of  tendrils  and  creeping 
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plants  being  ffimulated,  by  tbe  contact  of  other  bodies,  to  cling 
round  them  in  a particular  direction.  There  are  fails,  which  fhew 
that  inftinClive  aCtions,  even  in  animals  endowed  with  brain  and 
nerves,  do  not  depend  on  fenfation.  I took  a live  kitten,  a few 
days  old,  and  divided  the  fpinal  marrow,  by  cutting  it  acrofs  at 
the  neck.  The  hind  paws  being  then  irritated  by  pricking  them, 
and  by  touching  them  with  a hot  wire,  the  mufcles  belonging  to 
the  posterior  extremities  were  thrown  into  contraction,  fo  as  to 
produce  the  motion  of  fhrinking  from  the  injury.  The  fame  ef- 
fects were  observed  in  another  kitten,  after  the  head  was  entirely 
feparated  from  the  body*.  The  like  takes  place  with  regard  to  in- 
feCts  ; for,  after  the  head  of  a bee  is  feparated  from  the  body,  the 
hinder  part  will  fting,  upon  the  application  of  fuch  a Jiimulus  as 
would  excite  the  fame  aCtion  in  the  animal  in  a perfeCt  ftate.  Thefe 
faCts  fhew  clearly  that  inftinCtive  motions  may  be  exerted,  without 
the  intervention  of  the  fenforium  commune , and  therefore  without 
fenfation  or  confcioufnefs. 

In  what  I have  farther  to  fay  on  this  fubjeCt,  I fhall  confine  my- 
felf  to  the  confideration  of  two  of  the  moft  curious  and  important 
inflintts,  HABIT  and  IMITATION. 

* In  repeating  this  experiment,  I found  that  when  the  fpinal  marrow  was  cut 
through,  between  the  lumbar  vertebra  and  os  facrum , the  pofterior  extremities  loft 
their  irritability,  but  the  tail  retained  it.  It  might,  therefore,  be  faid,  that  the 
fpinal  marrow  ferved  as  a fenforium  ; but  it  may  be  anfwered,  that  when  the  head  is 
cut  off,  its  irritability  remains,  as  appears  by  the  motion  of  the  ears,  when  pricked 
or  touched  with  a hotwire;  and  as  the  extremities  are  alfo  irritable,  it  will  not  be 
faid  that  confcioufnefs  and  fenfation  exift  in  two  feparated  portions  of  the  body. 


It 
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LECTURE  O-N  MUSCULAR  MOTION, 

It  is  the  nature  of  a voluntary  mufcle  to  perform  any  motion  with 
greater  eafe,  the  more  frequently  it  is  repeated,  and  to  adt  mod; 
readily  with  thofe  mufcles,  or  in  company  with  thole  fenfations 
with  which  it  has  been  ufed  to  combine  its  adtion,  either  at  once 
or  in  fucceflion.  This  is  the  foundation  of  habit,  and  though  it  is 
in  common  to  man  with  other  animals,  it  is  the  principle  by  which 
all  his  practical  attainments  acquire  facility  and  perfection.  It  has 
been  mentioned  that  fome  adtions,  originally  inftindtive,  may  af- 
terwards be  performed  as  adts  of  pure  volition  ; fo  inverfely,  all  ac- 
tions, which  are  the  refult  of  reafon  and  reflection,  may  be  brought 
by  habit  to  refemble  inftindtive  adtions,  and  thereby  to  be  performed 
with  greater  expedition  and  effedt. 

The  term  Habit  has  alfo  been  applied  to  fenfation  ; for,  as  mo- 
tions are  more  readily  excited  by  frequent  fucceflion,  fo  one  per- 
ception excites  the  idea  of  another,  in  confequence  of  repeated 
connection.  In  this  fenfe,  it  ought  more  properly  to  be  called  the 
affociation  of  ideas,  a principle  upon  which  Dr.  Hartley  has  built 
a theory*  of  the  human  mind,  perhaps  the  moft  juft  and  confifl:- 
ent  of  any  that  has  ever  been  framed.  It  is  habit,  taken  in  this 
fenfe  alfo,  which  Mr.  Hume  + conceives  to  be  the  foundation  of 
all  our  experimental  reafoning,  inafmuch  as  it  conflitutes  the  only 
original  notices  by  which  we  acquire  any  intimation  of  the  con- 
nection of  caufe  and  effedt.  But  though  this  dodtrine  is  ably  and 
profoundly  illuftrated  by  that  philofopher,  it  may  be  remarked^ 
independently  of  other  objections,  that  though  habit  may  give  no- 

* This  work  has  been  re-publiflied,  with  a preface,  by  Dr.  Prieftley. 

-j-  See  Effays  and  Treatifes  on  various  fubje&s,  Vol.  III.  by  David  Hume,  Efq. 
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tice  of  this  connection,  it  cannot  conJHtute  it  ; for  animals,  whe- 
ther rational  or  irrational,  would  be  made  fufceptible  of  habit  in 
vain,  unlefs  the  conftitution  of  external  nature  had  been  made  to 
correfpond  with  it  ; juft  as  the  eye  would  have  been  made  in  vain, 
had  there  not  exifted  fuch  a body  as  light.  Now,  in  what  does 
this  correfpondence  conlift  ? It  conlifts  in  that  principle  whereby 
nature  a£ts  by  invariable  laws  ; for  it  is  evident,  that  if  the  laws 
of  nature  were  variable,  thofe  recurrences  of  perceptions  in  which 
habit  conlifts,  and  on  which  all  experience  is  built,  could  not  take 
place  ; and  this  fort  of  contingency  would  alfo  deftroy  all  thofe 
principles  by  which  prudence  and  Ikill  operate  upon  external  objeCts, 
for  the  purpofes  either  of  common  life  or  of  fcience.  The  faculty, 
therefore,  by  which  animals  are  fufceptible  of  that  fort  of  habit 
which  conlifts  in  the  alfociation  of  ideas,  may  be  termed  the  organ 
whereby  animals  perceive  the  uniform  fucceftion  of  caufe  and  ef- 
fect, eftablilhed  by  the  invariable  courfe  of  nature.  It  was  necef- 
fary  that  this  fhould  be  an  inftinCt,  for  the  fake  of  felf-prefer- 
vation,  not  only  to  mere  animals,  but  to  the  human  fpecies  in  in- 
fancy. If  the  noxious  effeCts  of  fire,  and  the  various  modes  of 
mechanical  violence,  fuch  as  falls  and  blows,  were  only  to  be 
learnt  by  a procefs  of  reafoning,  all  animals  would  perilh  before 
they  could  attain  to  maturity.  The  great  difference  of  man  and 
mere  animals  in  this  refpeCt,  feems  to  be,  that  the  latter  only  per- 
ceive thefe  alfociations,  when  the  objeCts  themfelves  are  prefent  to 
their  fenfes,  whereas  the  former,  by  being  endowed  with  memory, 
can  refleCt  upon  them,  and  render  them  fubfervient  to  experience  : 
for,  with  regard  to  external  bodies,  what  is  reafon,  but  the 
remembrance  of  objeCls  as  they  affeCt  each  other,  and  the 
application  of  this  knowledge  to  the  practice  of  life,  in  ad- 
jufting  means  to  ends  ? The  principal  difference  of  one  man 
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from  another,  in  point  of  underdanding,  confids  in  the  readinefs 
with  which  the  mind  forms  thefe  combinations,  and  the  drength 
with  which  it  can  guard  againd  fuch  as  are  accidental  and  fanciful, 
and  difcriminate  thefe  from  fuch  as  have  an  archetype  in  the 
nature  of  things  ; and  that  mind,  of  which  the  conceptions  cor- 
refpond  bed:  with  the  real  affociations  of  nature,  is  poffeffed  of  cor- 
rect judgement  and  juft  obfervation,  the  moft  valuable  of  all  men- 
tal attainments. 

It  Would  lead  to  difquifftions  too  long  and  too  intricate,  and,  in 
fome  meafure,  foreign  to  this  place,  to  enlarge  farther  on  the  va- 
rious effects  of  the  combination  * and  fucceffion  -f  of  ideas  which 
connect  animal  with  intellectual  nature.  I (hall  only  remark,  that 
thofe  internal  faculties  upon  which  habit  and  adociation  depend, 
carry  a reference  to  external  nature,  exactly  analogous  to  the  mu- 
tual relation  formerly  mentioned  as  fubfiding  between  Jlimuli , 
whether  internal  or  external,  and  the  moving  powers  correfpond- 
ing  to  them,  and  between  the  organs  of  fenfe,  and  the  impreffions 
of  external  bodies  which  are  naturally  adapted  to  them.  Mufcular 
motion  and  fenfation  have  relation  to  the  fingle  properties  of  mat- 
ter, as  they  affeCt  particular  fibres  and  organs,  but  habit  and  affo- 
ciation are  co- relative  to  that  dated  connection  of  caufe  and  effeCt,. 
edablifhed  by  the  general  laws  of  nature.  We  can  thus  trace  a 
correfpondence  between  the  motions,  fenfations,  and  faculties  of 
animals,  on  one  hand,  and  the  properties  of  matter  on  the  other 
band,  from  the  lowed  limits  of  animal  and  even  vegetable  nature, 

* See  Theory  of  the  Moods  of  Verbs,  by  Dr,  Gregory.  Phil.  Tranf.  Edin, 
179°. 

See  a Treatife  on  Time,  by  Dr.  Watfon,  jun.  F.  R.  S.  Lond.  1785* 
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into  the  boundaries  of  intelligence.  The  fame  accordance  with  the 
laws  of  nature  is  obfervable  in  the  IlruCture  of  animals,  as  in  their 
motions  and  functions,  as  may  be  examplified  by  that  reference 
to  the  powers  of  gravitation  which  is  evident  in  the  conformation 
of  the  limbs  and  the  pofition  of  the  vifcera,  as  adapted  to  the  na- 
tural motions  and  pofture  of  the  body. 

It  would  appear,  therefore,  that  there  is  a co-ordinance  or  pre - 
ejtablijhed  harmony , as  it  were,  between  the  faculties  of  animals  and 
the  laws  of  external  matter,  which  is  the  foundation  of  all  the  in- 
ItinClive  habits  of  animals,  as  well  as  the  rational  conduct  of  man  ; 
and  it  is  impoffible  fufficiently  to  admire  that  fublime  contrivance 
by  which  the  frame  of  animated  beings  is  thus  in  all  points  adapted 
to  the  conftitution  of  inanimate  nature. 

There  ftill  remains  to  be  mentioned  another  circumfhnce  in  the  Habeas  appli- 
ed to  thole  dif- 

animal  oeconomy,  which  has  been  referred  to  the  law  of  habit.  It  eafeswhichaf- 
is  the  nature  of  thofe  morbid  poifons  called  fpecific  contagions,  fuch  >!l  llfe- 
as  the  infectious  matter  of  the  fmall-pox,  not  to  produce  their  pe- 
culiar effeCt  more  than  once  in  life  ; and  this  has  been  imputed  to 
habit,  from  the  fimilarity  of  it  to  what  happens  with  relpeCt  to  ex- 
ternal impreffions,  the  frequency  and  long  continuance  of  which 
tend  to  produce  the  want  of  confcioufnefs  and  fenfibility.  Upon 
whatever  principle  this  property  of  the  animal  oeconomy  depends, 
it  is  an  undoubted  faCt  that  thefe  morbid  poifons,  after  exciting  a 
certain  degree  of  difturbance,  and  a certain  feries  of  difeafed  aCtions, 
no  longer  make  any  impreffion  on  the  powers  of  life,  otherwife 
there  could  be  no  fuch  thing  as  recovery  ; for  at  the  time  in  which 
a perfon  begins  to  recover  from  the  fmall-pox,  the  poifon,  actually 
prefent  in  the  circulating  fyftem,  is  multiplied  infinitely  beyond 
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what  it  was  when  it  excited  the  difeafe.  The  conftitution  has 
therefore,  at  that  time,  with  refpeCl  to  this  acrimony,  acquired  an 
infenfibility,  or  rather  want  of  irritability,  and  this  it  preferves  ever 
afterwards.  This  holds  only  with  regard  to  thofe  morbid  poifons 
which  excite  febrile  affections,  and  feems  to  be  a neceflary  provi- 
fion  of  nature  to  guard  againft  luch  noxious  principles  as  are  gene- 
rated within  the  body  itfelf. 

Imitation.  The  other  inftinCt  that  remains  to  be  coniidered,  is  Imitation. 

This  is  an  aCtion  of  which  fome  brutes  of  no  great  fagacity  are  ca- 
pable, and  yet  it  is  the  foundation  of  fome  of  the  moft  important 
attainments  of  rational  beings,  particularly  fpeech,  which  could 
not  otherwife  be  acquired,  and  without  which  the  powers  of  reafon 
would  be  extremely  limited*.  In  the  early  part  of  human  life, 
imitation  feems  equally  independent  of  reafon  and  reflection,  as  in 
mere  animals.  It  takes  place  not  only  without  the  operation  of  the 
will,  but  in  oppofition  to  it  ; for  yawning  is  an  involuntary  lpafm 
of  the  muicles  of  the  jaw,  which  is  frequently  excited  by  a fight 
of  the  fame  action  in  others  ; and  there  is  a cafe  recorded  in  the 
Philofophical  TranfaCtions,  by  Dr.  Garden-}-,  of  a man  who,  in  his 
adult  ffate,  and  poffeffed  of  reafon,  imitated  involuntarily  and  irre- 

* See  fome  ingenious  obfervations  on  this  fubjeCt  in  Dr.  Campbell’s  Philofophy  of 
Rhetoric,  Book  II.  chap.  vii. 

Speech  feems  to  be  to  thought  what  writing  is  to  fpeech,  or  rather  what  arith- 
metical or  algebraical  computation  is  to  common  language,  whether  fpoken  or 
written;  for  without  fpeech  the  operation  of  the  mind,  particularly  that  of  abftrac- 
tion,  would  be  extremely  limited,  nor  could  there  be  any  of  thofe  extenfive  combi- 
nations of  thought  which  conftitute  a chain  of  reafoning.  It  would  appear  from 
this,  and  from  the  remark  in  page  39,  that  all  the  operations  of  the  human  mind 
are  founded  on  fenfation,  habit,  memory,  and  fpeech. 

Phil.  Tranf.  Vol.  XII.  p.  842. 
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fiftibly  whatever  geftures  he  faw  in  others.  We  are  to  account,  on 
the  fame  principle,  for  that  general  fimilarity  of  external  manner 
and  of  accent  obfervable  in  particular  focieties  and  nations,  and 
which  all  men  infenfibly  acquire  in  a greater  or  lefs  degree. 

The  only  objedls  of  imitation,  are  geflures  and  founds.  The 
imitation  of  geflures  feems,  at  firfl  light,  lefs  unaccountable  than 
that  of  founds  ; for  it  is  performed  by  members  which  are  objects 
of  fight,  and  would  therefore  feem  more  eafily  transferrable  to  the 
correfponding  parts  of  another  perfon  ; whereas  the  organs  of  voice 
are  fo  hidden  and  minute,  that  we  can  have  no  knowledge  of  what 
parts  are  put  in  motion  in  order  to  produce  found.  But  upon  far- 
ther refledtion,  there  feems  little  or  no  difference  in  this  refpedt ; 
for,  independently  of  anatomy,  we  know  nothing  of  mufcles  but 
by  their  effedls  ; and  there  feems  no  reafon  why  the  ear  being  afi- 
fedled  by  a found,  fhould  not  excite  a given  motion  in  the  mufcles 
of  the  larynx  and  fauces,  as  well  as  that  a geffure,  by  having  its 
image  impreffed  on  the  retina,  fhould  excite  motions  in  the  legs  or 
arms.  Even  where  imitation,  or  any  other  adtion,  is  the  refult  of 
deliberate  volition  in  rational  beings,  the  motion  is  not  performed 
from  a knowledge  of  their  having  mufcles.  They  only  will  the 
efifedl,  without  knowing  by  what  means  it  is  performed ; for 
though  it  may  feem  obvious  that  all  the  motions  of  an  animal  are 
efifedted  by  the  fhortening  of  the  fiefhy  fibres,  this  is  a fidt  with 
which  thofe  only  are  acquainted  who  have  fome  knowledge  of  ana- 
tomy and  phyfiology,  and  may  be  confidered  as  a fundamental  and 
firffc-rate  dilcovery  in  the  natural  hiftory  of  the  living  body 

There 

* This  difcovery  cannot  he  traced  to  any  particular  improver  of  phyfiology,  but 
feems  to  have  arifen,  like  many  other  difcoveries  in  fcience  and  the  arts,  rather 
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A ftate  of  con-  There  ftill  remains  to  be  mentioned,  that  important  property  of 

ftant  tenfion 

neceffary  to  living  mufcular  fibres,  which  confifts  in  a perpetual  ftate  of  tenfion 

tlie  a&ion  of  . 

mufcular  taking  place  at  all  times,  in  a greater  or  lefs  degree,  independent 

fibres. 

of  any  temporary  ftimulus.  When  any  mufcular  fibre  in  a living  ani- 
mal body,  whether  in  a flefhy  mufcle  or  a blood-veflel,  is  divided  by 
incifion,  there  is  an  immediate  retradtion  of  the  feparated  parts  ; 
and  that  this  is  their  natural  ftate,  is  farther  proved  by  the  fponta- 
neous  motion  which  takes  place  in  confequence  of  the  relaxation 
of  an  antagonift  mufcle,  as  when  the  mouth  is  drawn  to  one  fide, 
in  confequence  of  hemiplegia . A certain  degree  of  this  tenfion  is 

from  the  gradual  evolution  of  knowledge  than  the  efforts  of  any  individual.  It  has 
at  all  times  been  obferved,  that  exertions  of  ftrength  produce  a fwelling  and  mo- 
tion in  the  flefhy  parts  of  the  extremities,  and  the  word  denoting  a mufcle  in  different 
languages,  is  taken  from  the  refemblance  of  the  motions  under  the  fkin  to  thofe  of 
a little  nimble  animal,  fuch  as  a moufe  or  a lizard.  A mufcle  is  called  in  Greek 
in  Latin  mufculus , or  lacertus , and  that  mufcle  which  is  fo  vifible  near  the  ham  of  a 
quadruped  when  walking,  is,  in  the  common  language  of  fome  parts  of  the  country, 
called  th emoufe.  It  is  not  afcertained,  fo  far  as  1 know,  who  firft  afcribed  the  mo- 
tions of  animals  to  the  contradlion  of  flefhy  fibres.  There  is  no  mention  made  of 
this  in  the  works  of  Hippocrates,  but  it  is  very  clearly  flated  by  Galen  ; fo  that  the 
difcovery  feems  to  have  been  made  in  fome  intervening  period.  This  property  of 
mufcles  is  fo  well  afcertained  in  modern  times,  that  wherever  we  fee  a mufcular  fub- 
jflance,  we  infer  fynthetically  that  fome  correfponding  function  muft  belong  to  it ; 
and  we  find  an  irrefragable  argument  for  the  circulation  of  the  blood,  only  from 
confidering  the  heart  as  a mufcular  fubflance.  This  fubjedl  has  not  been  well  un- 
derftood  till  modern  times,  otherwife  the  circulation  would  mofi  probably  have  been 
difcovered  fooner  ; and  even  fince  this  difcovery,  we  find  fome  phyfiologifts  fo  little 
acquainted  with  the  nature  of  mufcular  power,  that  they  have  invented  a fanciful 
theory  of  the  motion  of  the  blood,  by  a fuppofed  fermentation  taking  place  in  the 
cavity  of  the  heart.  We  are  chiefly  indebted  to  Dr.  Gliffon,  who  lived  about  the 
middle  of  the  laft  century,  for  the  firft  corredl  ideas  of  the  irritability  and  contradli- 
lity  of  mufcular  fibres. 
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neceflary  for  the  performance  of  the  natural  motions  of  the  mufcles, 
whether  voluntary  or  involuntary,  and  the  vigor  with  which  the 
feveral  addons  are  performed,  depends  on  the  fibres  poflefling  a due 
degree  of  this  conftant  tone.  In  order  to  maintain  this  tone,  there 
mull  every  where  be  a counterading  mechanical  power,  and  we 
perceive  accordingly  that  the  great  mufcles  are  kept  on  the  ftretch 
by  the  bones,  the  heart  and  veflels  by  the  mafs  of  fluids,  and  the 
inteftines  by  the  ingejla , and  their  natural  contents. 

When  this  tenfion  is  either  exceffive  or  defedive,  various  irregu- 
lar and  morbid  adions  are  produced.  The  vafcular  fyftem  is  more 
apt  to  be  affeded  by  various  degrees  of  natural  tone  than  any  other 
part  of  the  body,  the  reafon  of  which  may  be,  that  this  very  relax- 
ation produces  a greater  capacity  of  the  vafcular  lyftem,  and  the  re- 
lative quantity  of  the  mafs  of  fluids  being  thereby  diminifhed,  the 
refiliency  and  energy  of  the  veflels  are  not  fupported  even  by  their 
former  degree  of  diftenfion.  An  excefs  of  it  may  arife  either  from  the 
too  great  elafticity  of  the  veflels  themfelves,  or  from  plethora.  The 
firft  is  indicated  by  a hard  pulfe,  and  that  correfponding  ftate  of  the 
fluids  which  occafions  in  blood,  when  drawn  from  a vein  and  cold, 
a contradion  of  the  craflamentum,  and  a fizv  cruft.  Plethora  is 
moft  apt  to  arife  in  conftitutions  naturally  too  lax,  and  which, 
therefore,  do  not  bear  the  lofs  of  blood  fo  well  as  the  former. 

A defed  of  tenfion  in  the  veflels  is  produced  either  by  difeafe, 
by  haemorrhage,  or  by  natural  conftitution.  In  difeafes,  this  want 
of  tenfion  is  indicated  by  general  debility  and  depreflion  of  fpirits, 
and  by  a weaknefs  of  the  pulfe.  And  as  irritibility  and  fenfibility 
are  very  much  affeded  by  tenfion,  a want  of  it  in  the  veflels 
chiefly  conftitutes  what  is  called  a nervous  habit,  fuch  as  is  moft 

commonlv 

•s 


The  excefs  or 
defeat  of  this 
productive  of 
difeafes , 


charafteriftic 
of  conftitu- 
tions, 


Jubjeft  to  in- 
equality, 


LECTURE  ON  MUSCULAR  MOTION. 

commonly  met  with  in  the  female  fex  ; and  there  is  nothing  more 
apt  to  induce  fuch  a habit  than  haemorrhage,  which  I have  known 
to  produce  a long  train  of  hyfterical  fymptoms  in  thofe  who  had 
not  formerly  been  fubjedt  to  fuch  complaints. 

There  is  a particular  conftitution  incident  to  both  fexes,  which 
is  commonly  connected  with  corpulency,  and  has  been  called  by 
authors  the  temperamentum  frigidum , phlegmaticum , and  fpongiofum , 
and,  in  common  language,  a grofs  and  flabby  habit.  In  thefe  there 
feems  to  be  a deficiency  of  the  natural  elafticity  of  the  veflels,  and 
in  certain  difeafes,  even  of  the  inflammatory  kind,  fuch  as  the  ery- 
fipelas,  to  which  they  are  liable,  tonic  remedies,  fuch  as  the  Peru- 
vian bark,  are  found  to  be  the  cure,  and  in  difeafes  of  the  lungs, 
chalybeate  remedies  have  been  found  effectual. 

There  is,  perhaps,  no  circumftance  in  which  one  individual  dif- 
fers more  from  another,  than  this  natural  tenfion  of  the  mufcular 
fibres  ; and  it  would  be  more  ufeful,  as  well  as  more  conformable 
to  nature,  to  found  a difcrimination  of  temperaments  upon  this, 
than  upon  the  fanciful  theory  of  humours  ; for  this  difference  of 
conftitution  not  only  gives  occafion  to  a variety  in  natural  afpeCt, 
but  valuable  inferences  may  be  deduced  from  it  in  the  pathology  and 
treatment  of  difeafes. 

Not  only  the  general  excefs  or  defeCt  of  tenfion,  but  the  inequa- 
lity of  it,  may  be  confidered  as  a caufe  of  difeafe.  It  feems  highly 
probable  that  thofe  local  affections  which  depend  on  the  congeftion 
of  fluids,  are  owing  to  the  difference  of  tenfion  in  particular  parts 
in  relation  to  the  whole  fyftem.  The  whole  arteries  of  the  body 
may  be  confidered  as  one  veffel,  the  capacity  of  which  is  equal  to 
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the  fum  total  of  all  the  branches  of  the  arterial  fyftem,  and  as  every 
part  mull  be  equally  diftended  by  the  mafs  of  fluids,  it  follows 
that  if  the  flrength  of  the  veflels  of  any  one  part  fhould  not  be  fu'ffi- 
cient  to  fupport  an  equilibrium,  they  mull  yield  more  or  lefs  to  the 
elaftic  preflu  re  of  the  reft  of  the  fyftem. 

There  is,  however,  a circumftance  of  great  importance  in  the  ani-  and  much  in- 
fluenced by 

mal  ceconomy,  which  muft  tend  in  fome  mealure  to  counteract  this  fympathy. 
inequality  of  tenfion.  When  the  mufcular  fibres  of  any  particular 
part  are  under  a ftate  of  more  or  lefs  tenfion  than  the  reft  of  the  fyf- 
tem, this  is  communicated  by  fympathy  to  every  other  part  of  the 
body.  This  is  particularly  obfervable  in  the  blood  veflels  and 
inteftines;  for  a relaxation  in  any  part  of  thefe  will  produce  a 
like  affedtion  in  every  other  part  of  the  animal  fyftem.  With 
regard  to  the  inteftines,  it  may  be  mentioned,  among  many  other 
proofs,  that  it  is  common  for  perfons  in  a ftate  of  great  weak- 
nefs  to  be  affedled  with  fyncope,  and  even  inftantaneous  death,  in 
the  acft  of  evacuating  the  bowels.  It  feems  to  be  from  a like  caufe 
that  a temporary  lownefs  is  produced  by  an  abfcefs  being  opened. 

This  principle  of  the  animal  oeconomy  has  been  better  illuftrated  by 
Dr.  Cullen  than  any  other  phyfiologift  ; and  he  is  of  opinion,  that 
great  part  of  the  effedl  of  blood-letting  in  taking  off  the  tenfion  of  the 
vafcular  fyftem,  in  cafes  of  inflammation,  depends  on  the  depletion  of 
the  veflels  of  the  part  from  whence  the  blood  is  taken,  for  the  pro- 
portion of  the  quantity  drawn  to  the  whole  mafs  is  very  fmail  ; and 
it  may  alio  be  urged  in  favour  of  this  opinion,  that  the  more  fudden- 
ly  the  evacuation  is  made,  the  more  effectual  is  its  operation  in  re- 
moving the  inflammatory  dilpofition,  inafmuch  as  the  local  de- 
pletion will  be  greater,  the  lefs  time  is  allowed  for  the  balance  of 
the  fyftem  to  replace  it. 


WHAT 


4* 


Mufcular  mo- 
tion. confider- 
ed  mechani- 
cally. 


LECTURE  ON  MUSCULAR  MOTION. 

WHAT  has  been  hitherto  faid  of  Mufcular  Motion,  has  had 
relation  to  it  as  a property  peculiar  to  animal  matter  and  animal  life. 
What  I have  farther  to  add  on  this  fubjeft,  will  relate  to  the  mufcles 
merely  as  mechanical  powers.  As  they  conftitute  the  ftrength  of 
animals,  it  may  be  proper  to  confider  the  relation  of  their  force  to 
their  bulk,  and  the  relation  of  the  bulk  and  ftrength  of  the  body 
to  the  deniity  and  cohefion  of  its  own  materials,  and  to  the  bulk, 
denfity,  and  cohefion  of  the  external  inanimate  bodies  with  which 
it  is  converfant. 

It  has  been  demonftrated  by  Galileo  *,  that  in  fimilar  unequal 
bodies  of  a cylindrical  or  prifmatic  fhape,  fuch  as  the  limbs  of  ani- 
mals nearly  are,  the  ratio  of  their  efforts  to  break  by  their  own 
weight,  is  in  the  quadruplicate  ratio  of  their  lengths,  but  that  the 
refinance  they  make  to  the  fame  force  is  only  in  the  triplicate  ratio 
of  their  lengths.  It  follows  from  this,  that  in  order  to  endow  the 
limbs  of  animals  with  the  fame  relative  force,  it  is  not  only  necef- 
fary  that  the  bones  fhould  poffefs  an  encreafed  proportion  ofthick- 
nefs,  in  order  to  give  an  adequate  increafe  of  what  may  be  called 
the  dead  ftrength,  but  a fimilar  increafe  of  living  ftrength  will  be 
neceffary,  by  a fuitable  addition  of  mufcular  power,  in  order  to 
keep  pace  with  the  increafed  fize  of  the  bones.  Now  we  obferve, 
in  fa£t,  that  in  the  large-fized  animals,  fuch  as  the  bull  and  the 
elephant,  the  thicknefs  both  of  their  bones  and  mufcles  bears  a 
greater  proportion  to  the  length  of  their  limbs,  than  in  the  fmaller 
animals,  and  they  are  therefore  of  a lefs  elegant  form.  But  Nature 
has  not  carried  this  fo  far,  as  to  compenfate  for  the  difad  vantage 

* Vid.  Opere  di  Galileo.  Difcorfi  e demonftrazione  mathematiche. 
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arifing  from  the  increafe  of  fize ; for  the  greater  animals  have  not 
the  fame  proportional  ftrength,  in  relation  to  their  bulk,  that 
the  fmaller  animals  have.  It  has  been  computed  * that  a flea  can 
draw  from  feventy  to  eighty  times  its  own  weight,  whereas  a 
horfe  cannot  with  eafe  draw  more  than  three  times  his  own  weight. 
This  difproportion  between  ftrength  and  flze  is  very  obfervable  in 
different  individuals  of  the  human  fpecies,  when  compared  to  each 
other ; for  tall  men  are  not  mufcular,  even  in  the  Ample  propor- 
tion of  their  ftature.  The  difference  in  the  fhape  and  fize  of  different 
men  may  be  confidered  as  an  accidental  variety,  or  lufus  naturte , 
owing,  probably,  to  his  artificial  mode  of  life,  and  for  which  Na- 
ture has  made  no  fpecial  provifion. 

We  are  led,  however,  from  a view  of  the  fame  mechanical  prin- 
ciples, to  perceive  the  wifdom  of  Nature  in  affigning  certain  gene- 
ral limits  to  the  ftature  of  the  human  body.  Had  man  been  made 
much  larger,  he  would  have  been  unwieldy,  and  fubjedl  to  acci- 
dents in  his  motions,  in  confequence  of  the  momentum  of  the  parts 
increafing  in  a higher  ratio  than  their  power  of  refiftance.  It  may 
be  anfwered,  that  the  parts  might  have  been  made  proportionally 
more  hard  and  tenacious.  But  there  are  other  circumftances  in  the 
animal  oeconomy  which  would  have  been  a bar  to  this ; for  had  the 
bones  been  harder,  they  would  not  have  been  calculated  for  the 
common  duration  of  life,  the  effefl  of  which  being  to  increafe  their 
hardnefs  and  drynefs,  they  muff  be  endowed  originally  with  a 
certain  degree  of  foftnefs  and  fucculence.  And  with  regard  to 
mufcles,  a degree  of  hardnefs,  much  greater  than  they  naturally 
polfefs,  would  have  been  incompatible  with  their  contraflilitv. 

* Vid.  Haller  Elementa  Phyfiologiae.  Cap.  IX.  Se£t.  II. 
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Another  inconvenience  of  the  greater  ttature  of  man  would  be,  that 
he  would  require  larger  habitations,  more  food  and  clothing,  while 
he  would  have  lefs  relative  ttrength  to  provide  for  thefe  wants.  On 
the  other  hand,  had  man  been  of  a Mature  much  lefs  than  what  he 
enjoys  by  nature,  he  would  not  have  poflefled  fufficient  power  over 
external  obje&s,  to  aft  up  to  thofe  fuperior  faculties  of  mind  with 
which  he  is  endowed.  If  nature  had  conferred  on  man  only  one 
half  of  his  a&ual  feature  and  ttrength,  with  the  fame  powers  of 
reafon,  we  may  venture  to  affirm  that  he  would  not  have  carried 
his  dominion  over  nature  to  the  fame  extent.  As  he  is  now  con- 
ttituted,  his  force  being  commenfurate  with  external  nature,  he  has 
been  able,  either  by  force  or  artifice,  to  affert  his  fovereignty  over 
the  woods  and  fields,  by  mattering  the  ttrongett  and  fierceft  wild 
beafts  ; he  has  been  able  to  change  the  whole  face  of  nature  on  the 
furface  of  the  earth,  by  works  of  induftry,  and  monumehts  of  art; 
he  has  been  able  to  fell  trees,  to  build  ffiips,  and  to  circumnavi- 
gate the  planet  he  inhabits.  It  is  rather  a triumph  of  his  reafon 
than  of  his  corporeal  ttrength,  to  fay,  in  the  language  of  a modem 
poet  *,  that  he  can 

44  Meafure  earth,  weigh  air,  and  ttate  the  tides 
or,  according  to  the  fublime  idea  of  an  ancient  philofopher  -f  > that 
he  could  turn  the  earth  from  its  orbit,  could  he  find  footing  on 
another  earth,  from  whence  to  exert  the  powers  of  mechanifm  ; but 
fuch  knowledge  and  fuch  conceptions  could  never  have  been  attained 
but  by  a being  of  a certain  degree  of  bodily  ttrength  and  ttature. 

From  what  has  been  faid,  it  may  fafely  be  inferred,  that  as  the 
external  bodies  with  which  we  are  converfant  pofiefs  given  degrees 
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of  cohefion,  bulk,  and  denfity,  which  require  correfponding  powers 
to  a£t  upon  them  ; fo  the  human  body,  at  its  mean  ftature,  is  beft 
adapted  for  producing  thofe  changes  upon  matter,  which  are  ne- 
ceffary  for  felf-prefervation,  and  the  various  accommodations  of 
life.  And  an  argument  may  be  drawn  from  hence  againft  the  te- 
nets of  thofe  fpeculative  philofophers,  who  hold  that  the  fize  and 
ftrength  of  man  were  much  greater  in  remote  antiquity  than  in  mo- 
dern times.  It  is  evident,  from  what  has  been  faid,  that  if  the 
bulk  of  the  human  body  were  much  greater  than  it  is,  it  would  be 
both  ufelefs  and  inconvenient,  and  would  not  preferve  that  har- 
mony with  the  reft  of  nature,  which  is  fo  agreeable  to  the  analogy 
of  her  other  works. 


1 fhall  conclude  this  Lefture  with  fome  remarks  on  the  mufcles, 
confidered  as  mechanical  powers  afting  upon  levers. 

The  firft  remark  to  be  made  upon  this,  is  fo  obvious,  that  it  has 
hardly  efcaped  the  notice  of  any  modern  phyfiologift,  and  feems  at 
firft  fight  to  militate  againft  that  wifdom  of  nature  which  is  fo  confpi- 
cuous  in  other  refpedfs.  What  I mean  is,  the  great  wafte  of  mecha- 
nical power  which  is  incurred  by  the  manner  in  which  the  mufcles  are 
inferted  into  the  bones.  This  diladvantageous  adlion  of  mufcles  is 
chiefly  owing  to  two  circumftances.  One  of  thefe  is  their  infertion, 
in  almoft  every  inftance  in  which  they  are  connefted  with  bones, 
into  a part  which  is  much  nearer  the  fulcrum  than  the  refiftance. 
Thus  the  two  mufcles  of  the  arm,  called  the  biceps  and  brach'ueus 
interms , in  order  to  lupport  in  the  hand  a weight  of  one  pound  with 
the  fore  arm  at  right  angles  to  the  humerus , muft  exert  a power 
equal  to  ten  pounds.  The  other  circumftance  giving  rife  to  a wafte 
of  power,  is  the  great  obliquity  with  which  they  are  inlerted  into 
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the  bones  upon  which  they  are  intended  to  a dt,  fo  that  the  greater 
part  of  the  force  is  expended  in  preffmg  one  bone  againft  another  at 
the  articulation,  and  only  a fmall  portion  of  it  in  making  the  flexures 
and  extenfions  ; fo  as  to  produce  the  defired  effedt  at  the  extre- 
mity. 

But  thefe  difadvantages  are  compenfated  by  certain  conveniences, 
and  if  nature  has  endowed  the  mufcles  with  fufficient  power  for 
the  purpofes  of  life,  after  making  allowance  for  the  wade  of  force, 
there  can  be  no  reafon  to  find  fault  with  her  management.  One 
of  the  principal  advantages  arifing  from  this  diftribution  of  the 
mufcles,  is  the  prefervation  of  the  fhape  of  the  members  ; for  un- 
lefs  the  mufcles  and  tendons  had  been  pretty  nearly  in  the  diredtion 
of  the  bones,  they  muff  have  palled  like  bow-ftrings  from  one  bone 
to  another,  in  making  the  flexures  of  the  joints. 

In  eflimating  the  wafle  of  force,  in  confequence  of  the  mecha- 
nical difadvantages  before  mentioned,  we  are  to  dijftinguiffi  between 
thofe  adtions  which  conflfl:  in  preflure,  and  thofe  which  confift  in 
percuffion  ; for  as  the  momentum  of  the  latter  depends  on  velocity, 
it  is  evident  that  there  is  a great  advantage  from  the  infertion  of  the 
tendon  being  near  the  centre  of  motion,  as  greater  velocity,  with 
lefs  expence  of  contradtion,  will  be  thereby  imparted  to  the  extre- 
mity. The  mufcles,  for  inftance,  which  are  attached  to  the  olecra- 
non, in  performing  thofe  adtions  with  the  hand  which  require  rub- 
bing, adt  with  a difadvantage,  exadtly  in  proportion  to  the  inequa- 
lity of  the  diftance  from  their  infertion  to  the  joint  of  the  elbow, 
and  that  from  the  fame  joint  to  the  hand.  This  is  an  adt  of  pref- 
ffire.  But  in  the  cafe  of  percuffion,  as  in  the  adtion  of  ufing  a 
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hammer,  there  is  an  evident  advantage  refulting  from  the  velocity 
communicated  to  the  extremity  ; for  in  order  to  have  produced  the 
fame  velocity,  with  the  infertion  at  a greater  diftance  from  the  centre 
of  motion,  a greater  range  of  contraction  would  have  been  neceffary. 
The  faving  of  contraction,  therefore,  may  be  reckoned  another 
principal  advantage  in  the  attachment  of  mufcles  near  to  the  centre 
of  motion.  As  this  is  a point  which  I think  has  not  been  attended 
to,  in  explaining  the  mechanifm  of  the  mufcles,  I (hall  conclude 
with  fome  remarks  upon  it. 

As  the  mufcles  of  voluntary  motion  are  fubjeCt  to  fatigue,  every 
circumftance  that  can  tend  to  diminilh  this,  will  be  favourable  to 
the  purpofes  of  nature.  Fatigue  depends  upon  the  force,  fre- 
quency, duration,  and  extent  of  the  contraction  of  mufcular  fibres. 
It  is  this  lafl  which  is  meant  here  to  be  illuftrated.  If  any  one 
will  take  the  trouble  of  comparing  the  fatigue  of  the  biceps  mufcle, 
in  bearing  a weight  in  the  hand,  with  the  elbow  joint  bent  to  a right 
angle,  with  that  of  bearing  the  fame  weight  for  the  fame  length  of 
time,  with  the  joint  at  an  acute  angle,  he  will  be  fenfible  how 
much  the  degree  of  fatigue  depends  on  the  extent  of  contraction, 
and  by  attending  to  the  relative  fituation  of  mufcular  fibres,  it  will 
appear  that  nature,  in  diftributing  the  fibres  of  mufcles  obliquely, 
has  had  it  in  view  not  only  to  increafe  their  number,  but  to  fave 
contraction. 

In  furveying  the  aCtions  of  all  the  various  mufcles,  it  appears, 
not  only  from  the  co-operation  of  different  mufcles,  but  from  the 
jpofition  of  the  fibres  in  the  fame  mufcle,  that  there  is  hardly  an 
aCtion  to  be  met  with  that  can  be  called  direCt.  In  fome  inftances, 
two  mufcles,  or  fets  of  mufcles,  are  made  to  co-operate,  fo  that 

the 


by  faving  con- 
traction. 


2.  Difaclvan- 
tage  from  the 
obliquity  of 
mufcles  to 
each  other. 


Oblique  ac- 
tion univerfal 
in  mufcles, 
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and  in  the  fi- 
bres of  the 
fame  mufcle, 

\ , 


Compenfated, 
i.  by  multi- 
plying the 
number  of 
fibres. 


the  motion  effeded  by  them  fhall  be  in  the  diagonal  of  their  direc- 
tion. This  is  the  cafe  of  the  oblique  mufcles  of  the  abdomen  in 
fome  of  their  adions,  and  the  intercoftal  mufcles  in  all  their  adions. 
Sometimes,  different  portions  of  the  fame  mufcle  produce  in  like 
manner  an  intermediate  and  combined  effed,  as  in  the  in  fiance  of 
the  cucullarls , one  part  of  which  being  attached  to  the  vertebra  of 
the  neck,  and  another  to  thofe  of  the  lower  part  of  the  back,  their 
joint  effed  is  to  draw  the  fcapula  towards  the  fpine.  And  in  all  the 
long  mufcles,  however  fimple  their  origin  and  infertion  may  be, 
there  is  an  internal  obliquity  of  their  fibres,  in  regard  to  each  other, 
as  defcribed  by  the  late  Dr.  Hunter ; for  thefe  do  not  run  from  end 
to  end,  but  there  are  parts  of  the  tendon  running  into  the  belly  of 
the  mufcle,  fo  as  to  divide  it  into  penniform  and  rhomboidal  por- 
tions. This  diffribution  of  the  fibres  takes  off  from  their  length  ; 
but  as  it  takes  place  in  thofe  cafes  where  the  origin  and  infertion  are 
at  a confiderable  diffance,  this  can  be  afforded  ; and  this,  as  well  as 
the  wafte  of  power,  in  confequence  of  oblique  adion,  is  more  than 
compenfated  by  the  increafed  ftrength,  from  the  fibres  being  mul- 
tiplied ; for,  in  confequence  of  this  ftrudure,  there  is  an  extent  of 
tendon  afforded  fufficient  for  the  infertion  of  a greater  quantity  of 
flefhy  fibres. 


This  illuftrat-  This  principle  in  the  mechanifm  of  mufcular  adion,  is  well  il- 

edintheftruc- 

tureoffifh.  luflrated  by  confidering  the  motions  of  fiffn  The  mufcles  of  mo  ft 
fifh  confift  of  regular  feries  of  oblique  fhort  fibres,  forming  thofe 
Jlrata  which  every  one  muff  have  obferved  in  their  mufcular  fub- 
ffance.  Their  motions  are  more  fimple  and  limited  than  thofe  ofland 
animals,  but  much  more  vigorous  ; for  a fifh  in  the  fea  has  to  make 
its  way  through  a medium  about  a thoufand  times  more  denfe  than 
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air,  and  with  more  rapidity.  Nature,  therefore,  inftead  of  giving 
them  mufcles  whofe  fibres  would  run  ftraight  from  one  end  of 
their  body  to  the  other,  has  multiplied  their  numbers,  by  diftri- 
buting  them  into  fhort  and  oblique  portions.  If  one  was  called 
upon  to  name  inftances  of  the  greateft  mufcular  efforts,  it  is  in  fifh 
that  thefe  are  to  be  found.  I have  feen  the  fword  of  a fword-fifh 
flicking  in  a plank,  which  it  had  penetrated  from  fide  to  fide ; and 
when  it  is  considered  that  the  animal  was  then  moving  through  fo 
denfe  a medium,  and  in  the  fame  direction  with  the  fhip,  we  muft 
form  a high  conception  of  its  mufcular  power. 

An  advantage  the  reverfe  of  what  has  been  ffated,  arifes  from 
the  oblique  direction  of  the  intercoflal  mufcles,  the  fibres  of  which 
are  thereby  lengthened  ; for  in  parts  fo  near  each  other  as  the  ribs, 
there  would  have  been  a great  inconvenience  in  their  paffing  di- 
rectly from  one  to  another.  Befides,  in  confequence  of  their 
oblique  direction,  the  origin  in  the  fuperior  rib  is  placed  nearer  to 
the  centre  of  motion  than  the  infertion  in  the  inferior  rib,  the  ef- 
fect of  which  is,  that  all  the  ribs  are  elevated,  whereby  the  cavity 
of  the  thorax  is  enlarged,  which  is  the  view  of  nature. 


But  the  advantage  or  rather  compenfation  of  obliquity,  which  I 
mean  particularly  here  to  demonftrate,  is,  that  the  fame  effeCt  is  pro- 
duced with  alefs  proportional  decurtation  of  fibres,  than  if  the  fame 
motion  had  been  performed  by  a direCt  power.  Borelli  haseftimated 
geometrically  the  lofs  of  power  from  oblique  aCtion,  but  feems  to 
have  overlooked  this  compenfation  of  it,  which  is  not  inconfiderable, 
when  we  refleCt  that  there  is  thereby  a faving  of  contraction,  and 
confequently  of  fatigue.  This  can  be  rendered  an  objeCt  of  geo- 
metrical 


2.  By  faving 
contraflion. 
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metrical  proof,  and  I here  fubjoin  a demonftration  of  it,  which  I 
made  out,  when  engaged  in  the  ftudy  of  anatomy,  eighteen  years 
ago. 


This  demon- 
ft  rated  by  a 
theorem . 


Let  the  line  A B,  in  the  annexed  diagram,  reprefent  a moveable 
bone,  and  the  line  C D a fixed  bone  parallel  to  it.  Let  F E,  per- 
pendicular to  thefe  lines,  reprefent  a mufcle  a&ing  in  its  own  di- 
rection, and  the  lines  G E H E reprefent  two  mufcles  aCting  ob- 
liquely, and  producing,  by  a diagonal  aCtion,  the  fame  effeCt  as 
the  other,  If  the  bone  A B be  brought  to  the  fituation  a b , by  the 
aCtion  of  the  mufcle  F E,  the  mufcle  will  then  be  in  the  fituation 
F K.  If  the  bone  is  brought  into  the  fame  fituation  by  the  aCtion 
of  the  mufcles  G E,  H E,  thefe  mufcles  will  then  be  in  the  fituation 
G K,  H K. 


l/  k 

The  propofition  to  be  ~E  . p 

demonftrated  is,  that  the 
line  G K bears  a greater  a 
proportion  to  the  line 
G E,  than  the  line  F K 
does  to  line  F E ; for  F K 
is  to  F E as  GL  is  to 

G E.  (Euc.  Elem.  B.  vi.  C— — p ' — — — D 

Prop.  2.)  and  the  angle  ELK,  being  lefs  than  a right  angle,  the 
angle  G L K,  which  is  adjacent  to  it,  muft  be  greater  than  a right 
angle ; and  the  angle  G K L,  being  in  the  fame  triangle  with 
G L K,  muft  be  lefs  than  a right  angle.  The  line  G K,  therefore, 
which  fubtends  the  greater  angle,  is  greater  than  the  lineGL,  fub* 
tending  the  lelfer,  and  therefore  bears  a greater  proportion  to  GE. 
But  the  line  G L is  to  GE,  as  F K is  to  F E ; and  therefore  G K 

bears 
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bears  a greater  proportion  to  G E,  than  F K does  to  F E ; that  is, 
the  fibres  of  the  mufcles  acting  obliquely,  fuffer  a lefs  proportional 
decurtation  than  thofe  of  the  mufcle  ailing  dire&ly. 

It  is  farther  obvious,  that  the  more  oblique  the  a&ion  becomes, 
the  greater  faving  there  will  be  of  contraction  ; for  in  moving  the 
line  a b towards  C D,  the  line  F K diminifhes  in  a fwifter  ratio 
than  the  line  G K,  and  when  the  former  has  vanifhed,  the  latter  is 
in  the  fituation  G F. 

I have  thus  endeavoured  to  Iketch  fome  of  the  moil  important 
particulars  in  the  natural  motions  of  living  animals,  a fubjeCl  which 
affords  one  of  the  finefl  and  moil  fertile  fields  for  contemplating 
the  wifdom  with  which  Nature  adapts  her  means  to  her  ends  ; and 
which  has  been  juftly  confidered  as  carrying  the  moil  irrefiflible 
evidence  of  the  exiftence  of  an  intelligent  caufe.  The  fubjeCl  is  fo 
far  from  being  exhaufled,  that  I am  convinced  there  are  circum- 
flances  in  the  relative  diilribution  and  correfpondence  of  organs, 
depending  on  mufcular  motion,  fo  profound  and  exquifite,  as  far 
to  exceed  the  utmofi:  reach  of  human  thought  to  comprehend,  or 
of  human  ingenuity  to  deteCl : and  here,  as  in  every  other  part  of 
the  frame  of  the  univerfe,  the  molt  elevated  conceptions  which  the 
mof^raptu awtf  imagination  can  form  of  the  beauty  and  magnificence 
of  Nature,  will  fall  far  fhortof  the  real  fublimity  of  her  works. 


Conclufion. 


THE  END. 


